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A Seven-Day Journal 


Shipbuilding and Engineering Appointments 


Art the meeting of the board of directors of Cammell 
Laird and Co., Ltd., which was held last week, Mr. 
Robert Stewart Johnson was elected chairman of the 
company in place of the late Mr. W. Lionel Hichens. 
Mr. Johnson will also retain the position of managing 
director. Few men, it is safe to say, have had more 
experience in the building of ships. Starting his 
career in Londonderry, Mr. Johnson later entered the 
employ of Harland and Wolff, Ltd., at Belfast. In 
1910 he joined Workman, Clark and Co., Ltd., and 
with that firm he rose to the position of managing 
director. In 1920 he accepted an appointment as 
shipyard manager at Birkenhead with Cammell 
Laird and Co., Ltd., and two years later he succeeded 
the late Sir George Carter as managing director of the 
firm. Under Mr. Johnson’s control a considerable 
amount of reorganisation has gone on, which has 
improved the capacity of the works and their effi- 
ciency. Among the outstanding ships recently com- 
pleted at Birkenhead, the aircraft carrier H.M.S. 
“ Ark Royal”? may be mentioned and the Cunard 
liner, the ‘‘Mauretania.” Mr. J. Bartle Hastings 
has been chosen to succeed Mr. C. C. Sharp as 
General Manager of the Southampton, Isle of Wight 
and South of England Royal Mail Steam Packet 
Company, Ltd. Mr. Hastings was formerly deputy 
general manager and superintendent engineer. On 
the engineering side of industry it is announced that 
Mr. James G. Weir, a director of G. and J. Weir, Ltd., 
of Cathcart, has been appointed Controller of General 
Supply. He is to have full charge within the British 
Purchasing Commission at New York of work falling 
within the scope of the Ministry of Supply. It is also 
announced that Mr. H. V. Senior, the chief engineer 
of the oil engine department of the Brush Electrical 
Company, Ltd., of Loughborough, has been elected 
to the board of Petters, Ltd., one of the company’s 
subsidiary concerns. 


Earthquakes in Rumania 


Earty on Sunday morning, November 10th, a 
severe earthquake was felt throughout the Balkan 
countries and Russia and was followed by a second 
shock which occurred about 9.30 a.m. on Monday 
morning. It is reported from Bucharest that, as far 
as is yet known, about 400 people were killed and 800 
seriously injured and over 183 houses throughout 
Rumania totally destroyed and 402 buildings seriously 
damaged. Extensive damage occurred at the pro- 
vincial centres of Buzau, Barlad, Campina and 
Galatz, on the Danube, where the railway station and 
the railway shops were ruined and many tunnels 
are cracked: In the oilfields region, particularly at 
Ploesti, fires broke out, but were extinguished. It 
seems possible that more serious damage may have 
been caused to the oil wells and the drilling equip- 
ment, especially in the Tzintea oilfield, where drilling 
takes place to depths of 10,000ft. Much of the best 
drilling plant and oil production plant generally comes 
from American oil machinery firms and will be very 
difficult to replace, if damaged. It is already 
announced by one of the Standard Oil Company’s 
subsidiary firms in Rumania that its refinery will have 
to close down while broken pipe lines are renewed and 
buildings repaired. The earthquake shock was 
severely felt in Russia and was at its worst, according 
to the Moscow Seismological Institute, between 
4 a.m. and 5 a.m. on Sunday morning. Damage has 
been reported from Kishineff and shocks were also 
felt at Kieff, Kharkoff and Odessa. 


Wartime Inventions 


In an address which was broadcast by Dr. D. R. 
Pye, F.R.S., the Director of Scientific Research of the 
Ministry of Aircraft Production, the question of the 
many inventions received from the general public 
relating to war matters was dealt with in a most 
interesting way. Dr. Pye revealed that since the war 
started well over 20,000 inventions had been sent to 
the Air Ministry and the Ministry of Aircraft Pro- 
duction. They came, he said, from all over Britain, 
the Dominions and from abroad as well. At the 
present time they were pouring in at the rate of about 
3000 per week. Each letter or memorandum was 
recorded, filed and answered. For this work there 
were some thirty scientists, engineers and technicians, 
together with the necessary clerical staff, which 
devoted its whole energies to sifting and analysing 
the flood of ideas. In addition, there was a dis- 
tinguished scientist and engineer of long experience, 
who acted as a referee in difficult cases. The ideas 
received, Dr. Pye said, included those of every 
imaginable kind. Among them were the wild and 
fantastic, the sensible but already well known, and 
the interesting and unusual. The fantastic included 
the optimist who wanted to freeze the clouds and 
mount anti-aircraft guns upon them. There was 
also a wonderful helicopter, worked by a perpetual- 
motion engine, for carrying searchlights, guns and 





men to colossal heights. There were, too, many 
varieties of death rays. Most of those inventions were 
pious hopes, which the inventor hoped the technical 
expert would turn to practical use, of course under 
his own supervision. The most interesting group 
always was suggested by the need of the moment. A 
few months ago it was schemes for coping with the 
parachutist, and just now it was how to tackle enemy 
bombers after dark. In most cases the proposals 
submitted were some variant of schemes which 
had been studied and experimented with for many 
months or even years past. In such cases the most 
important thing to do was to see whether some new 
suggestion might not render a scheme practical 
which hitherto had not seemed worth while pursuing. 
Dr. Pye recalled that nearly five years before the war 
an Advisory Committee of Scientists was helping us 
to foresee what would be needed if war should come 
and to provide against it. So it was only to be 
expected perhaps that a large number of ideas now 
being put forward should have been thought of before. 
Any of those which showed promise were developed 
and experimented with, tests and calculations were 
made and full-scale trials were often carried out. 
He could not say very much as to the suggestions 
which had proved fruitful_as we wanted them to 
be unpleasant surprises for the enemy. In inviting 
his hearers to send in any suggestions which might 
help to win the war Dr. Pye said that there was close 
collaboration between the Directors of Scientific 
Research at the Admiralty, the Ministry of Supply 
and the Ministry of Aircraft Production, and any 
suggestion received was at once passed to the right 
department for examination. 


The G.W. Railway Accident Inquiry 


In reply to a question in the House of Commons 
on Wednesday, November 6th, Lieut.-Colonel Moore- 
Brabazon, the Minister of Transport, referred to the 
recent accident to the Cornish express on the Great 
Western Railway, and said that he felt sure that the 
House would wish to join with him in expressing 
sincere sympathy with the relatives of those involved 
in the disaster. The accident, which was recorded 
in last week’s Journal, took place at 3.52 a.m. on 
November 4th, when the 9.50 p.m. Paddington to 
Penzance express was derailed while travelling on the 
down relief line at Norton Fitzwarren, just beyond 
Taunton. The train was derailed at the catch points 
which protect the down main line at the junction. 
The Minister announced that he had appointed 
Lieut.-Colonel Mount, the Chief Inspecting Officer of 
Railways, to hold a full inquiry into the circum- 
stances. The Ministry of Transport inquiry was 
opened on Friday morning, November 8th, at 
Taunton. Before the opening it was learned that the 
death roll had risen to twenty-seven by the death in 
hospital of a young soldier. In his opening state- 
ment, Lieut.-Colonel Mount said that the accident 
was not due to enemy action, but as he wished to 
have the frankest statements from the men con- 
cerned, he would hold part of the inquiry in private. 
Mr. F. A. Potter, the superintendent of the line, said 
that after leaving Taunton the train travelled on the 
down relief line in order that the 12.50 a.m. newspaper 
train from London could pass on the main line. The 
engine and the first six coaches of the passenger train 
left the rails at the catch point protection ; the engine 
was overturned, and some of the coaches fell on to 
adjoining lines. The newspaper train, Mr. Potter 
continued, contributed neither to the cause nor to 
the seriousness of the accident, and the accident was 
not due to any defect in the bridgeworks, track, or 
other works. After hearing some of the witnesses, 
Lieut.-Colonel Mount said that he would take the 
rest of the evidence in private. 


Retirement of Mr. Arthur T. Wall 


Many of our readers will learn with regret of the 
decision of Mr. Arthur T. Wall, on account of ill 
health, to relinquish the managing directorship of 
John Samuel White and Co., Ltd., which he has held 
with conspicuous success since 1932, when he was 
called to succeed the late Mr. P. D. Ewing. When 
Mr. Wall took up his duties shipbuilding was prac- 
tically at a standstill. Happily in the following years 
shipbuilding construction revived, and Mr. Wall had 
the satisfaction of seeing during his period of manage- 
ment the fortunes of the firm rebuilt. A well-trained 
naval architect, with a practical knowledge of ship- 
building and the newer art of welding, he also had a 
gift for getting orders for new vessels, naval ships, 
commercial vessels and yachts, whether it was from 
Governments, the shipowners or yachtsmen. The 
revival in naval construction in the past few years 
brought much work to the yard, and in 1938 the firm 
was probably as busy as, or busier than, it has ever been 
in its long history. Two outstanding orders which 
were obtained by Mr. Wall in the face of international 
competition were those for the Polish destroyers, the 
* Blyskawiea ’’ and ‘“‘ Grom,” 2144-ton ships with 





54,000 S.H.P. machinery, which on their trials 
exceeded their designed speed of 39 knots. Other 
equally important orders were the two Brazilian 
destroyers ‘“‘Javary” and “ Jutahy,” both ships 
with a displacement of 1340 tons, propelled by 
Parsons geared turbine machinery, with a designed 
output of 34,000 S.H.P., corresponding to a speed of 
35-5 knots. Mr. Wall received his training at the 
Royal College of Science and the Royal Naval College, 
Greenwich, and entered the service of the Thames 
Ironworks as assistant chief draughtsman. Later he 
served with the Booth Steamship Company as chief 
draughtsman, and then joined Cammell Laird and 
Co., Ltd., as chief naval architect, a position which 
he held for twelve years. After practising as a con- 
sulting naval architect for some years Mr. Wall 
joined J. Samuel White and Co., Ltd., in 1932. All 
will join with us in the hope that a period of rest will 
enable Mr. Wall to regain his health and again take 
up work which he is so ably fitted to carry through. 


The Employment Returns 


Ir was officially announced by the Ministry of 
Labour and National Service on Monday, November 
llth, that the number of males registered at the 
Labour Exchanges in Great Britain as wholly unem- 
ployed on October 14th was 333,936, a decrease of 
9443 compared with September 16th. The corre- 
sponding figure for females was 301,495, an increase 
of 31,203. This increase, it is reported, was largely 
due to women seeking work in districts to which they 
had been evacuated. On October 14th there were 
171,082 workers registered as on short time or other- 
wise temporarily suspended from work, on the under- 
standing that they were shortly to return to their 
former employment, a decrease of 13,918 compared 
with September. There were also on the registers 
28,338 unemployed casual workers, which is a 
reduction of 2837. Detailed figures of the number 
unemployed shows that, included in the total of 
834,851 on the registers at October 14th, there were 
309,357 men wholly unemployed, and 92,886 tempo- 
rarily stopped, and 26,898 normally in casual employ- 
ment. Similar figures for boys are 24,579 wholly 
unemployed, 2739 temporarily stopped and 131 
normally in casual employment. For women the 
figures are 257,300, 71,593 and 1299, and for girls 
44,195, 3864 and 10. An analysis of the differences 
between September 16th and October 14th in the total 
numbers of unemployed on the registers of the various 
administrative divisions shows the following decreases 
and increases :—London, decrease 23,617; Eastern, 
increase 6885; Southern, increase 6745; South- 
Western, increase 6789; Midlands, increase 2466 ; 
North Midlands, decrease 204; North-Eastern, 
increase 4899; North-Western, decrease 3350; 
Northern, decrease 1607; Scotland, decrease 1450 ; 
and Wales, increase 7449. According to a count 
which has been made by the Ministry of Labour it has 
been found that 38,000 women and 11,000 men, who 
were included in the unemployment returns for the 
month, have evacuated either compulsorily or 
voluntarily. 


Aircraft and the Weather 


THERE would still seem to be some doubt in the 
public mind concerning the influence of the weather 
on aerial activity. On some occasions the Air 
Ministry has announced that operations by aircraft 
of the Bomber Command have had to be cancelled or 
restricted because of unfavourable weather conditions, 
whereas on the self-same nights enemy aircraft have 
been over this country. It is therefore asked why 
we must be idle while the Germans are active. One 
reason is that while the weather over the target area 
is important, the weather over the bases from which 
the aircraft operate is even more important. British 
aircraft can take off and fly in the worst kind of 
weather, just as, presumably, the enemy’s machines 
can, but they have to get back to their bases and land 
safely. Undoubtedly the enemy is more favourably 
situated in this respect than we are. His bombers 
on the outward journey have usually a short distance 
to travel to reach their objectives, and can carry 
enough petrol to enable them to return and land at 
almost any aerodrome from Bordeaux to Norway, 
some one or more of which will probably be outside 
the belt of bad landing weather. British aircraft, on 
the other hand, are compelled to work from a much 
smaller area, and frequently have to cover long 
distances to reach their targets. If on their return 
they find their bases partly obscured or blacked-out 
by low cloud or fog, the gravest risk is imposed on the 
crews and the aircraft. The enemy’s strategy for 
a time consisted of endeavouring to inflict as much 
damage as possible without paying great attention 
to the casualties which he suffergd. It is probable 
that the severity of the lesson administered to him 
has induced him to be less rash and that he is now 
paying more respect to the weather, as well as to the 
Royal Air Force, in planning his operations against us. 
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Further North American Locomotive 
Experiences 


By EDWARD 
No. 


H. LIVESAY 
VI 


(Continued from page 294, November 8th) 


ToRONTO AND MoNTREAL SERVICES, 
C.N.R. anp C.P.R. 

WHEN dealing with “The Pacific Limited ” 

some of the differences between British and 
North American express trains were mentioned, 
particularly the frequent stops made by the latter. 
This comes out again in the present article, which 
is concerned with locomotive work on typical, as 
opposed to exceptional Canadian expresses ; the 
“International Limited ”’ really belongs to the 
latter category. The Toronto and Montreal ser- 
vices have been chosen for description because, 
though they are representative, the engines em- 
ployed on them are rather exceptional. The trains 
run between the two largest population centres in 
Canada, and are fast and heavy, but the stops are 
so frequent that, though the average speed is not 
very high, the demands made upon the engines are 
severe ; only powerful machines can satisfy them. 
As with “‘ The Pacific Limited,’ a representative 
American train, so with these Canadian expresses. 
Power, speed, and rapid acceleration are all called 
for, making an eight-coupled engine—or a six- 
coupled with booster—essential. By way of con- 
trast, the article concludes with a brief descrip- 
tion of a light “‘ local” train handled by a 444 
type engine. 

CANADIAN NATIONAL SERVICES 


The Canadian National Railway uses the 4-8-4 
* 6400 U 4” class on these services, the company’s 
most powerful purely passenger engines. Inci- 
dentally, one of them hauled the Royal train over 





C.N.R. metals last year. Figs. 16 and 11 illustrate 


chiefly to reduce weight. The fire-box has two 
siphons, arch tubes, and combustion chamber ; 
there is a tangential steam dryer. Boosters are 
not used on these engines, though they can be 
fitted if necessary. Some of the newer, but some- 
what similar, ‘‘ 6100 ”’ class, with 6ft. lin. wheels, 





ence between the two hands indicates the exhaust 
pressure. ‘Keep black hand from showing 
vacuum (when drifting).”’ 

The stops were always made as brief as possible, 
seldom lasting more than a minute or two; even 
when water was taken, as at Oshawa, the job was 
done in less than 3 min. I cannot give gradient 
figures, but there were plenty of sharp inclines, 
some severe and long—after Newcastle, for instance. 
The poker had been used once or twice, which was 
unusual, as with mechanical firing there is less 
caking and clinker forming than with the hand 
method, owing to the continuous feed, the crushing 
of the coal by the conveyor, and the even thickness 
of the fire. Sludge was blown off at regular 
intervals ; it is collected from near the foundation 
ring. In spite of the streamlining and the air- 
collecting grid, steam tended to blow down when 








Fic. 11—C.N.R. EXPRESS 


are built with this auxiliary, as they are used on 
heavy freight service. 

Train No. 14 left the Union Station, Toronto, 
punctually at 9.15 a.m., with ten cars, weighing 
about 800 tons. The engine was “No. 6402,” in 
charge of engineer Potter and fireman Trinell, and 
the weather was fine. To get the train moving, 
half throttle and full valve travel were used, after 
which the latter was cut to 35 per cent. A heavy 











LOCOMOTIVE ‘No. 6401" 


the throttle was not very much open, all the more 
as “‘ No. 6402’s ” exhaust pressure was commend- 
ably low. It was noted more than once that with 
two-thirds throttle, cut-off about 25 per cent., and 
steam near the working figure, 275 lb., the steam 
chest pressure was 250 lb., and the exhaust 4 lb. 
This seems about what it should be. I have noticed 
the gauges on some engines registering as high 
as 15 1b., which is surely excessive, though engi- 
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FiG. 10—-DIAGRAM OF 4-8-4 “U4"* CLASS LOCOMOTIVE—C.N.R. 


the class, and some of the chief dimensions and 
details are given below :— 


Cylinders 24in. by 30in. 
Valves : 

Diameter ... 12in. 

Travel 9in. 

Lap . 14 in. 

Lead or pe in. 

Exhaust clearance ... ... in. 

Driving wheels, diameter... 6ft. 5in. 
Heating surface 

Tubes ... 3,471 sq. ft. 

Fire-box 390 sq. ft. 

Superheater 1,530 sq. ft. 

Total ... 5,391 sq. ft. 
Grate area. 73-6 sq. ft 
Steam pressure 275 Ib. 
Weight : 

On drivers ... 105 tons 

Engine 170 tons 

Tender 127 tons 

Total ... 297 tons 
Tractive effort 52,457 Ib. 
Factor of adhesion 4-49 
Tender : 

Coal 20 tons 

Water... 11,700 galls. 


S.K.F. roller bearings are fitted to all except the 
driving axles, which have floating bushes. The 
driving centres are of the “ Boxpok”’ type, and 
lin. lateral motion is allowed to the first coupled 
axle. A Schmidt superheater is used, with a 
multiple throttle, and Wakefield lubricators to 
cylinders and valves. An exhaust steam injector 


takes the place of the usual feed-water heater, 


10-mile rise begins just outside the station, and 
the throttle was opened to three-quarters, which 
gave a speed of 25 m.p.h. up the bank to Danforth, 
5 miles, where there was a 2-min. stop. The 
restart being on an up gradient, three-quarter 
throttle was called for, but there was no slipping, 
and the top of the rise, 350ft. above Lake Ontario, 
a sheet of blue on the right, was passed at 9.39 a.m., 
the speed quickly reaching 65 m.p.h. after Scarboro, 
4-5 miles farther on. The riding was very good, 
the long wheel base and four-wheel truck at each 
end no doubt contributing to this. I could write 
sitting down, a thing that I find can only be done 
on a well-behaved locomotive. The engine is cross- 
counter-balanced, with light Laird crossheads, the 
motion working unobtrusively. Curves were taken 
easily, notwithstanding the 44ft. wheel base, the 
lin. lateral play allowed to the first coupled axle 
probably being very useful. I believe this axle 
control is arranged in conjunction with that of the 
leading bogie, but I have no particulars of this. 
The Ashcroft exhaust pressure gauge is always 
interesting to watch—when it is working properly. 
The instructions on the dial read: ‘“ Keep the 
black hand as close to boiler pressure as possible, 
consistent with speed required (wide throttle).” 
There are two hands, red and black, the latter 
indicating steam chest pressure. ‘‘ Keep red hand 
as close to black hand as possible, consistent with 





work required (short cut-off).”” N.B.—The differ- 


neer or gauge may have been at fault—perhaps 
both. 

Belleville, 113 miles from Toronto, and the first 
divisional point, was reached at 12.16 p.m., the 
distance having been covered in 181 min., with 
ten intermediate stops adding up to 20 min. The 
inclusive average speed had been 37-5 m.p.h., but 
between stations 65-70 m.p.h. had been reached 
several times. The crew changed here, Messrs. 
Willson and Welch taking over, and the usual 
servicing was carried out by a ground crew. 
Another stop was made at a coaling plant just 
outside the station, the final clearance being at 
12.32 p.m., alittle late. Evidently Willson was con- 
cerned at this, as he “stepped on it”’ at once ; 
75-80 m.p.h. was touched before slowing for the 
next stop, Napanee, reached at 12.53—21 min. 
for 21-5 miles, start to stop. At this fairly high 
speed the riding was good ; it must have been, or 
my notes would have told the tale, and they make 
no reference to the matter—only a word as to the 
comfort of the seat! A negative can be very 
positive at times. Another long gradient followed 
Napanee, but when an eight-coupled engine with 
a tractive effort of over 52,000 lb. is “ given the 
gun,” inclines cease to be of much importance, 
and so it was in this case. There was considerable 
curvature over this division, with many rock 
cuttings and similar road bed, but “No. 6402” 





was kept hard at it. Near Lyn Junction, approach- 
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ing Brockville, the speed was again 80 m.p.h. 
After a stop outside the station for coal—I cannot 
explain why another coaling was necessary in less 
than 100 miles; perhaps the coal was water— 
Brockville, the second divisional point, was 
reached at 2.38 p.m. Approximately 95 miles 
had been covered in 121 min., with four stops, an 








from the Canadian National engines in several 
features, such as the employment of Walschaerts 
valve gear instead of Baker, and feed-water 
heaters in place of exhaust steam injectors. Roller 
bearings are not fitted, and deflector plates serve 
as a substitute for streamlining. The reader will 
notice from the valve gear figures, the longer travel 





throttle. The rest of the incline was taken at about 
20m.p.h. The Ashcroft gauge showed an unusually 
low figure, 2-3 Ib., and my notes say “ probably 
inaccurate.” I may be doing it an injustice, but 
I have seen it give some conflicting readings under 
similar conditions, so I do not always trust it right 
off the bat. In fact, not until “‘ its adoption tried ” ; 








average speed of 47 m.p.h., which is quite good 
with an 800-ton train over a far from easy route. 

Getting away at 2.43 with engineer Lees and 
fireman Berthaume, the train began the last stretch 
to Montreal. Berthaume suggested that I should 
use his seat for awhile ; variety being the spice of 
life, 1 did so. The look-ahead was good, the line of 
vision through the front window passing the edge 
of the smoke-box to take in the right-hand side of 
the track. I have been on many engines which do 
not allow of this. The deflector strip at the cab- 
side is a great convenience. It is almost standard 
in America, and is coming into use in Great Britain. 
It should be universal in both places. There were 
several stops over this division, but I must hurry 
on, even as the engine did, to record an arrival 
in Bonaventure Station, Montreal, at 5.14 p.m., 
1 min. early. The 125-6 miles from Brockville had 
been covered in 151 min., inclusive of five stops ; 
the average speed was 50 m.p.h., this rather higher 
figure being probably due to the fewer halts and 
the absence of severe gradients, as this division is 
almost a “ water level” one, following along the 
north shore of the St. Lawrence River. 

Summing up, the 334 miles from Toronto had 
taken 479 min., 42 m.p.h., inclusive of no less than 
twenty-three stops, totalling 57 min. Between 





Fic. 12—C.P.R. EXPRESS LOCOMOTIVE “No. 3101” 


of the C.N. engine’s Baker gear ; this is one of the 
latter’s claimed advantages. 
The chief dimensions are :— 


Cylinders 254in. by 30in. 
Valves : 

Diameter ... ti ndsa tl oat th, . I14in. 

Travel Fh dea tis =. 4B ry «deal eee 

DRS iri, aay as ee bi poe 

EMM oe gseht ce uate edn ac Tee 

Exhaust clearance ... ... ... ... fin. 
Driving wheels 6ft. 3in. 


Heating surface : 


Tubes and flues... 4,509 sq. ft. 


Fire-box : 377 sq. ft. 
Superheater 2,112 sq. ft. 
i ae 6,998 sq. ft. 


93-5 sq. ft. 
275 |b. 


Grate area 
Steam pressure 


Weight : 
On drivers ... 249,000 Ib. 
Engine 423,000 Ib. 
Tender 293,000 Ib. 
Total ... 716,000 Ib. 
Tractive effort 60,800 Ib. 
Factor of adhesion 4-08 
Tender : 
Co es 21 tons 
Water... 12,000 Imp. galls. 


My acquaintance with this class was made 
through the medium of “ No. 3100,” the prototype, 
on train No. 22, a night express from Toronto to 








Fic. 13—C.P.R. 4-4-4 LOCOMOTIVE “No. 2925"" 


stations the speed was seldom less than 60 m.p.h., 
and reached 80 m.p.h. more than once. The stops 
averaged only 14 miles apart, typical of North 
American express work. The engine was a very 
fine example of recent Canadian locomotive prac- 
tice, and I wish space would permit of a more 
extended story in its praise. 


CANADIAN PacrFic SERVICES 


Coming to the Canadian Pacific Company’s 
corresponding services, the train was handled in 
this particular instance by a similar type of engine, 
but of even bigger dimensions, the “ 3100 ”’ class, 
illustrated in Fig. 12. There are only a few of them 
running at present, but I have no doubt that, 
should traffic requirements make it necessary for 
the company to build additional engines of great 
power, this class, possibly with minor improve- 
ments, will be called on to fill the gap. They are 
impressive machines, as the figures show; the 
most powerful passenger engines in the company’s 
service, and which my locomotive experiences have 
thus far brought within my reach. They differ 











Montreal. It left the Union Station at 12.35 a.m., 
1 h. 40 min. late, owing to delays met with en route 
from Chicago, its starting point. I was rather 
pleased with this, as it shortened the hours of 
darkness ; I much prefer making locomotive obser- 
vations in daylight. Fourteen cars, some of them 
heavy sleepers, made up a load of 1100 tons. The 
weather was fine, and the crew engineer Scriven 
and fireman Pillo. The long 1 in 75 bank out of 
Toronto to Leaside, 5 miles, made double heading 
necessary. Then the banker came off, though 
the gradient continued further, but was less severe. 
As usual, I was pleased with the roomy vestibule 
cab, its three seats and complete electric lighting. 
If I must ride after dark, at least it were well to do 
so in comfort. Cab travel is no hardship on modern 
Canadian engines. It is clean and not too noisy. 
Relatively, of course—I would not advise the 
donning of exceeding fine raiment or recommend 
any footplate to an Oxford Grouper wanting a 
Quiet Time. 

Restarting on an up gradient and minus the 
bank engine meant full valve travel and half 





then I am willing to “ grapple it to my soul with 
hoops of steel,” so to speak. The riding was good, 
but my candid pad says “‘ rather more rolling than 
expected ’’—probably because the track had not 
quite settled down after the road bed had dis- 
carded the winter’s frost. 

The first stop after Leaside was at Oshawa, 
32 miles ; it lasted 10 min., owing to extra station- 
work imposed by the big General Motors plant 
situated here. No slipping occurred at the restart, 
the eight-coupled wheels giving ample adhesion, 
and we got away at 1.32 a.m. So far, I had no 
complaints to make. The engine’s behaviour was 
decorous, but my automatic riding gauge—ability 
to write sitting down or the reverse-- told me to 
stand up, or I should fail to make head or tail of 
my own handwriting. The track was at fault, not 
the engine. By this time everything was well 
warmed through and from Bowmanville to Cobourg 
the rate of travel was consistently fast, 29 miles 
being covered in 32 min. 

The value of the headlight impressed me along 
this stretch. In older countries, with well-pro- 
tected tracks, it may be superfluous, but in North 
America the original home of unguarded level 
crossings and a variety of other booby traps, it is 
certainly indispensable. It is very comforting to 
see the track ahead lit up by a flood of white lights 
revealing and pervading, making everything on 
and near the track stand out in black relief. When 
it suddenly fails—this has happened three times 
during my recent locomotive experiences—a feel- 
ing of helplessness and vague, lurking danger 
clamps down on one instantaneously, the reaction 
from a sense of safety and well-being felt so long 
as the headlight’s friendly beam tunnels into the 
black wall ahead. During this run, Nature lent 
a hand to lighten our darkness; the Northern 
Lights were flaming and flickering in a great arc 
across the sky, flinging curtains and streamers of 
eerie whiteness recklessly far and wide. 

Fig. 12 shows the generous deflector plates fitted. 
Personally, I think they are too far away from the 
smoke-box, letting the air through instead of 
driving it upwards. But I may be mistaken—I am 
occasionally. Not that down-drifting steam 
troubled us much ; the well open throttle called for 
by the 1100-ton load carried the exhaust high over 
the roof of the cab. Yet the valve travel was as 
a Tule no more than 20-25 per cent., in spite of the 
load. The air-operated reverse, quick and easy to 
work, gave the engineer no excuse to run with 
incorrect cut-off, though it was altered very seldom. 
I have noticed that the “ full regulator and ultra- 
short valve travel’? method of running is not 
popular in North America. I have seen it adhered 
to in England, but even there it seems to be less 
in favour than it was. 

After stops at Trenton—a divisional point, 
where the crews changed and servicing was done— 
and Belleville, there were 51-5 uninterrupted miles 
to Tichborne and a coal stage. The distance was 
covered in 58 min., an average speed of 53 m.p.h. 
Dawn was breaking ; it was pleasant to climb down 
and walk round the engine in the pale light of a 
frosty morning, and see things taking shape again, 
realising that the coming of day would soon solve 
my darkness-engendered observation difficulties. 
We left at 5 a.m., getting into rough, rocky country, 
and “ No. 3100” began to dance and roll rather 
skittishly as the numerous curves were hit. The 
fireman added nothing to my peace of mind by 
pointing out the exact spot where two freight trains 
had staged a head-on collision during the last war. 
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A German was said to be responsible. This did not 
surprise me—I can believe anything of a German ; 
I only hope he was killed in the smash. The story 
was told so graphically, with such a wealth of vivid 
detail, that I suddenly remembered another war 
was on, again with Germans involved, and I began 
to imagine engines emerging out of the dawn mist 
round every shoulder of rock. We were running on 
single track, too, which made me all the more 
nervous and apprehensive. Very tactless of him, 
don’t you think? But what an experience it would 
have been—worthy of an article all to itself! 
However, my luck was out, as we never hit any- 
thing except Smiths Falls, into which we ran at 
5.45 a.m. This was the second divisional point, 
the crew changing again, Messrs. Muldoon and 
McKeown taking charge for the last lap to Mont- 
real. Feeling somewhat shaky, with my vitality 
at a very low ebb—starvation and the fireman’s 
story had both taken their toll—I made a hurried 
breakfast at the lunch counter, with no time to 
Fletcherise, everything going down in solid chunks. 
The result was that I fell fast asleep immediately 
we pulled out, at 5.58, remaining dead to the world 
until the Winchester stop woke me up half an hour 
later to find we were running through flat, fertile, 
but featureless country, over double track—thank 
goodness, for McKeown was quite a raconteur, too 
—with fine “straights” along which high speed 
could be done. I noticed the deflector plates were 
so far out that one looked ahead between them and 
the smoke-box. I think that if all the boiler 
mountings were covered in, as on the C.N.R. 
“* 6400” class, there would be less trouble with 
down-drifting steam. The swirling air eddies 
from the dome, sand-box, &c., probably have some- 
thing to do with this nuisance, as the boiler is so 
long. The speed was fairly high, in the sixties, and 
the engine had settled down into a steady stride 
over a good track. “ No. 3100” was evidently in 
fine shape; there was no knock or pound any- 
where, and though I do not think she is cross- 
counter-balanced, the motion was very unobtru- 
sive. Being an older design, it has not got the 
lighter Laird crossheads, now a C.P.R. standard, 
but the alligator pattern, which is heavier. The 
engine steamed well, but one of the firemen said 
that, in spite of the large boiler and fire-box, it 
was possible to make too severe a demand for steam 
with this class—they needed rather more careful 
handling than one would think. 

Crossing the Ottawa River, the train ran on 
through level, rather uninteresting country, very 
fresh in its spring greenery, into the suburbs of 
Montreal, coming to a stand in Windsor Station 
at 8.22 a.m., 1 h. 27 min. late, so 13 min. had been 
picked up. The 340-5 miles from Toronto, 200 
of them being single track, had been covered in 
7 h. 46 min., inclusive of fourteen stops, at an 
average speed of nearly 44 m.p.h., a very good 
performance with 1100 tons. Compared with the 
C.N.R. run—I know comparisons are odious, but 
I cannot help making them—the load was 300 
tons heavier, the average speed a little higher, 
maximum speed a little lower, there were nine 
fewer stops, and the route seemed considerably 
harder. Both engines showed up well, and could 
easily have tackled much heavier work. 

Criticism ? Surely there is something to find 
fault with? No window wipers—no locomotive 
complete without them! Which reminds me. In 
an earlier article I derided the “farthing dips ” 
used in England by drivers when looking round 
their engines after dark, never dreaming that the 
same abominations are used sometimes on this 
side of the Atlantic. I cannot explain the mysteri- 
ous why or wherefore ; in this electrical age, that 
enginemen should have to go about singeing their 
whiskers with things like that ! 


A LocaL TRAIN 


Lastly, a little about “local” train work 
between Montreal and Toronto, as carried out by 
the C.P.R. 4-4-4 “2900” class, Fig. 13. They 
were described in THE ENGINEER of March 10th, 
1939, so I need only remind the reader that these 
engines have cylinders 16}in. by 28in., driving 
wheels 6ft. 3in. dia., heating surface totalling 3191 
square feet, and a grate of 45 square feet; the 
boiler pressure is 300 Ib., and they are hand fired. 

To Smiths Falls the route has already been dealt 
with in these articles; thence it is a single-track 
line to Toronto, vid Peterboro. The engine on 
which I rode proved to be an old acquaintance, 
‘““No. 2925,” which came into THE ENGINEER 
of March 17th, 1939. I travelled with it from 
Toronto. on that occasion. This type was built 


for light, high speed, ‘‘ through ” services, but as 
there are very few of these now being operated, 





the engines have had to be allotted to other trains, 
such as locals, for which they were never intended, 
doing work that involves frequent stops, and often 
the hauling of loads heavier than is desirable. 
They are very attractive machines, but naturally, 
being four-coupled, their handling calls for more 
care than is the case with six-coupled machines, 
such as would normally be used on these trains. 
Engineers accustomed to letting plenty of adhesive 
weight look after nonchalant work with the throttle 
do not take kindly to a type that needs a little more 
delicacy, and I gathered that the “2900” class 
was, on this account, not quite as popular as it 
deserves to be. 

The train consisted of four cars, weighing roughly 
300 tons. It left Windsor Station, Montreal, at 
9.25 a.m., in filthy weather, in charge of engineer 
Drew and fireman Fitchell. But there—I see it 
is going to be no good; I give it up! Only a 
separate article could possibly do justice to the 
mass of notes lying before me, to the engine and 
the journey, and the available space will not begin 
to admit it. So I must discontent myself with the 
sketchiest of summaries, hoping that at some future 
date a hard-hearted Editor will find room for the 
full story. 

The 338 miles to Toronto were covered in 10 h., 
and included at least fifty stops, which probably 
occupied 2h. High speed was often reached—for 
instance, Smiths Falls to Perth, 11 miles, in 
13 min., with a 70 m.p.h. maximum, during which 
the engine waltzed quite prettily, drawing an 
apology from Drew—for the state of the track. 
He, at any rate, was not of the slap-dash type. 
A master of his craft, his careful, coaxing method 
of engine handling was a pleasure to watch. 
Fitchell, too, tending the 45 square foot grate—but 





let me quote some of my notes verbatim: “ Fire- 
man kept busy—equally good man—seldom more 
than a minute or two idle—very different from 
L.N.E.R. ‘A4,’ where fireman rested 10 min. 
at a time—poor coal, no body in it, fine, dusty.” 
The engine steamed well, almost too well at 
times, judging from the blowing off. ‘‘ Yeah, the 


son of a gun’s doing good,” said Fitchell. ‘ Hold 
your horses—we aren’t there yet !”’—this from 
Drew. My notes agree with the fireman; “‘ but 


she was—valves always popping—no slipping, 
free running, and good riding—I like her.”’ Here 
is another quotation: ‘‘ Drew did 100 per cent. 
good work. Does his best with an engine that needs 
a little coaxing—there’s no ‘she won’t do the 
job—to hell with her!’ about him.” This does 
apply to me, though; I cannot do this job. It 
must be another story ! 

In the March 17th, 1939, article I mentioned 
that the exhaust blew down over the cab windows. 
Fig. 13 shows that a taller chimney has now been 
fitted to offset this. My notes say: “‘ Streamlined 
chimney gone—present one 12in. higher—steam 
still blows down.” Sad, but true—it does. 

We arrived in Toronto at 7.25 p.m., O.T., after 
a most interesting run, which I thoroughly enjoyed 
on a very likeable engine. It is the old story. 
Design an engine to do certain work, and then put 
it on something else, and no matter how nice the 
design may be, it will not show up well, the men 
will pick holes in it, and it will get a bad name that 
may be undeserved. Enginemen are conservative, 
too; out here they like six-coupled wheels, and 
they will not listen to the voice of a four-coupled 
charmer, charm he never so wisely. But Drew 
was different ! 

(To be continued) 








Mathematics from the Engineer’s 
| Viewpoint’ 


By 


‘““M\HE Handmaiden of the Sciences ”’ is the title 

of a very instructive book by the prominent 
mathematician, my friend and colleague, E. T. 
Bell. I must confess that we engineers do not 
always have the feeling that mathematics is a 
handmaiden of engineering science. The famous 
German poet, Johann Wolfgang von Goethe, 
wrote a poem about the magician’s apprentice, 
whose master was able to make spirits serve him. 
He learned from his master the power of evoking 
the spirits, but forgot the magic word to control 
and stop them. Sometimes we have the feeling 
with mathematics that we have learned to start 
the mechanism of mathematical operations, but 
after the gears begin to work the machine gets out 
of hand and we do not know what it is doing or 
where it is going. In other words, we are not able 
to follow the physical significance of the successive 
steps and wonder how to interpret the outcome. 
This is perhaps one of the reasons why, although 
every engineer studies quite a lot of mathematics, 
so few really use it. 

Of course, every engineer uses the elementary 
mathematical operations and understands the 
basic mathematical ideas. Let us see how the 
mathematician builds up the system of funda- 
mental conceptions. He starts with the integral 
number. ‘‘God made the integers, everything 
else is the work of man,” said Kronecker, a noted 
mathematician of the nineteenth century. The 
conception of negative, rational and irrational 
numbers is easily grasped by the engineer. It is 
evident to him that a number must exist equal to 
4/2, since this number measures the side of a 
square whose area is 2, or that there must be a 
number z which determines the ratio between the 
circumference and the diameter of a circle, although 
these numbers cannot be expressed as quotients 
of integral numbers. However, he might feel 
uncomfortable if he were to encounter imaginary 
numbers. He would say that in the world there 
are only real quantities which we can measure, 
such as length, time, weight and the like. There is 
no imaginary length or imaginary time or imaginary 
weight. He has the feeling that the idea of the 
imaginary number has a touch of unreality. As a 
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matter of fact, at the time that the imaginary 
number was invented its conception was not free 
of mysticism. ‘‘ The imaginary number,” says 
Leibnitz, ‘‘is a wonderful recourse of the divine 
spirit, something of an amphibian between being 
and non-being.”’ Now we do not believe that the 
imaginary number is suspended between being and 
non-being ; we rather believe that it is a useful 
artifice for abbreviating complicated calculations 
by use of certain symbols ; in other words, it is a 
kind of mathematical shorthand. The electrical 
engineer uses- complex numbers and especially 
exponential functions with complex exponents to 
abbreviate the calculations of periodical pheno- 
mena, of the behaviour of rotating machinery, and 
the like. Sometimes we use the complex number 
for geometrical calculations, such as the addition 
or multiplication of vectors or for the description 
of the phenomena of two-dimensional flow. We 
are often amazed how beautifully the artifice 
works. As a famous mathematician expressed it, 
‘Mathematics is sometimes more intelligent than 
the people who use it.” 

The most widely used tools of engineering 
mathematics are, of course, differential and 
integral calculus, including differential equations, 
at least some of their simpler species. At the time 
that these tools were invented and developed there 
was no border line between pure and applied mathe- 
matics or between science and engineering. At the 
rear of Trinity College in Cambridge, England, 
there is an old, nicely designed, wooden bridge. 
The consulting engineer for the stress analysis of 
this bridge was a certain Sir Isaac Newton, 
Lucasian Professor of Mathematics at the Uni- 
versity of Cambridge. We know that the 
Bernoullis and Leonhard Euler created essential 
parts of the science which is known in the engi- 
neering curriculum as applied mechanics. The 
theory of buckling and the theory of water turbines 
were originated by Euler. He also wrote a learned 
paper on the force necessary to drive piles into the 
soil. Eighteenth century mathematics was mainly 
directed toward the understanding of the pheno- 
mena of the physical world and the solution of 
practical or, in modern terminology, ‘“‘ engineering ”’ 
problems. This period in the history of mathe- 
matics can be called the constructive period; I 
prefer to call it the “heroic” period because at 
that time mathematical science could achieve 
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almost miraculous results by relatively simple 
means. 

A separation between pure and applied mathe- 
matics began to appear in the nineteenth century 
and, perhaps, reached its climax in the middle of 
that century. I would call this age the era of 
codification. The mathematicians of the heroic 
era were not discouraged from using methods 
whose axiomatic foundation was incomplete from 
a purely logical viewpoint. Their minds were 
directed toward obtaining practical results. Like 
the engineer of to-day, they were not always quite 
so scrupulous about the legitimacy of the operations 
used as are modern mathematicians. In the era 
of codification the critical spirit prevailed ; 
definitions and classifications were examined and 
re-examined for their logical foundation, freedom 
from contradiction and completeness. The pure 
mathematician became to some extent like the 
doctor who is more interested in the diseases of the 
human body and in the disorders of physiological 
and psychological processes than in the normal 
functioning of body and mind. 

Let us illustrate the difference of viewpoint by 
the example of the concept of a function. If the 
engineer speaks of a function, he generally has in 
mind a continuous function. He will readily 
include functions that have a number of discon- 
tinuous points. In the case of an oscillatory 
function he will assume that the function reaches 
its maxima and minima at certain discrete points. 
Functions that have an infinite number of maxima 
and minima, or. an infinite number of discon- 
tinuities in an arbitrarily small interval, will appear 
to him to be abnormal. However, it is easy to 
define functions with such properties, and they 
have considerable interest to the pure mathe- 
matician. For example, sin (1/x) obviously has an 
infinite number of maxima and minima in the 
interval between zero and an arbitrarily small 
number ¢, say, 1/10*, because in the interval 
0 < x < 1/10 the reciprocal value of x varies 
from 10* to co and the sine function has an infinite 
number of maxima and minima if the argument 
runs from one million to infinity. Or let us define a 
function in the following way : f (x) is equal to +1 
if x is a rational number, say, 1/2, 4/3, 16/5, &c., 
but it is equal to —1 if z is an irrational number, 
say, +/3, 4/5, 2 Now, between any two numbers 
a and 6 there is an infinite number of rational 
numbers and an infinite number of irrational 
numbers. Consequently, the function has to jump 
an infinite number of times between +1 and —1. 
This is certainly a function which, as an engineer, 
I would not call a healthy function. I would say 
at least that it is emotionally unstable. 

Certainly the pure mathematician cannot be 
bound in his conception of a function by practical 
considerations of immediate usefulness for the 
description of physical phenomena. However, one 
can easily understand that the mentalities of 
the mathematician and the engineer necessarily 
diverged in the period of criticism and codification. 
On the one hand, the engineer lost his sense of 
security in the use of the tools of mathematical 
analysis. For example, he thought for many years 
that a definite integral was simply an expression 
for an area ; he learned either to calculate it if the 
boundaries of the area were given by simple 
functions or to determine its value by an integraph 
or planimeter. Suddenly he was told that there 
are various definitions of an integral, some of them 
quite intricate; there are integrable and non- 
integrable functions. Also he based certain 
methods of approximation primarily on his physical 
intuition ; now he became uncertain about them 
if he was not able to establish a proof of con- 
vergence beyond doubt. On the other hand, the 
mathematician considered the engineer as @ 
scientist of lower rank, who lacked the sense and 
ability to grasp the sublime scientific truth built 
up on the unshakable foundation of pure logic. 
(It is comforting to the -engineer that recent 
developments of mathematical logic shattered the 
complacent confidence of the mathematician in 
the very foundation of his own science.) This 
more or less hostile feeling between the two kinds 
of mentalities eventually found expression in the 
engineering literature. Most engineers dared not 
openly revolt, but some of them had an inde- 
pendent revolutionary spirit and gave vent to their 
feelings at least through wisecracks. For example, 
the great British physicist and electrical engineer, 
Heaviside, says something like this in one of his 
papers: “This series is divergent according to 
the mathematicians, hence I believe I can really 
do something with it.” Another time, when his 
attention was called to the fact that his operational 
methods, which belong to the most important 





mathematical tools of electrical engineering, could 
not be proved exactly, he answered: “Shall I 
refuse a good dinner because I cannot understand 
completely the process of digestion ? ” 

Many engineers were handicapped in their use 
of mathematics by the formalistic development of 
some branches of analysis. We all use the so-called 
circular functions, ¢.g., sine and cosine, not only 
for trigonometrical calculations, but also for the 
representation of the laws of harmonic oscillation, 
which is the simplest periodic motion. In other 
words, these functions are solutions of a second- 
order differential equation which is familiar to us 
as the differential equation of harmonic oscillation. 
We say that this differential equation defines the 
class of circular functions; similarly, differential 
equations of more complicated structure define a 
great variety of functions such as Bessel, Legendre, 
Hermite, Mathieu, hypergeometric, gamma, theta, 
zeta functions and the like. All these special 
functions have very interesting properties worth 
being studied, and in some cases these properties 
are even quite useful. However, there seems no 
end of such functions, or of their interesting pro- 
perties. A mathematician can live on a few 
functions all his life. Unfortunately, the theory of 
such functions fills a great portion of some mathe- 
matical textbooks and curricula. Many hapless 
engineers think that in order to use mathematics 
they have to learn all about such functions. This 
is as sensible as memorising Webster’s dictionary 
from A to Z to learn the English language. (Of 
course, it is true, on the other hand, that the mathe- 
matical vocabulary of quite a few engineers is 
comparable only with the 200-300 words of pidgin 
English.) 

I believe that the engineer needs primarily the 
fundamentals of mathematical analysis and sound 
methods of approximation, but he has only a 
restricted use for the great science of special 
functions. I do not deny that some of the special 
functions, especially those that owe their origin 
to physical problems, are very useful for scientific 
engineers. Their greatest merit perhaps is that 
they are nicely tabulated and these tables certainly 
abbreviate the numerical work in many cases. 
However, even if the solution of a problem can be 
expressed by known special functions, often an 
approximation by algebraic or trigonometric series 
will be more practical for the engineer as it will 
require less work and cause less worry. Hence, in 
the mathematical training of a young engineer I 
would rather emphasise the fundamental theorems 
of analysis. It is interesting to note that the 
fundamental mathematical theorems and the engi- 
neering methods of approximation are more closely 
related than one would imagine. Take, for 
instance, the following example. You have to 
calculate the critical speed of a shaft of very com- 
plicated shape. You might set up the differential 
equation, but if you show this equation to a mathe- 
matician who knows all about differential equa- 
tions, he will tell you that it is hopeless to try to 
solve it exactly. Then what would you do? You 
would assume an arbitrary shape of deflection 
which looks plausible to you. Then you would 
calculate the centrifugal forces resulting from the 
rotation of this deflected shaft. If your guess was 
100 per cent. correct, the calculated centrifugal 
forces would keep the shaft exactly in the assumed 
deflected position. You may find that this is 
not the case. Then you would recalculate the 
deflection corresponding to these centrifugal forces 
acting as load on the shaft, t.e., you would correct 
in this way the arbitrarily assumed shape. Now, 
because the shape of deflection is changed, also 
the distribution of the centrifugal forces is changed. 
Consequently, you would correct the centrifugal 
forces and again calculate the deflection due to 
these corrected forces. If this is repeated a few 
times you will notice that the corrections become 
negligibly small. This procedure is essentially 
identical to the method of iteration or successive 
approximations of mathematical analysis. As a 
matter of fact, it is one of its most powerful and 
widely used methods for the proof of the existence 
and uniqueness of solutions. The main difference 
is that the engineer has been led by his mechanical 
feeling and intuition and feels satisfied if the 
correction becomes negligible. The mathematician 
has to prove that by repeating the iteration an 
arbitrary number of times he can approximate the 
exact result with an arbitrary accuracy. 


The method of iteration is only one example of 
the methods of modern applied mathematics that 
have their counterpart in mathematical analysis. 
These methods of applied mathematics are not all 
new ; many of them are revivals from the classical 
period of mathematics. However, they have heen 





taught and emphasised only ia the last half century. 
It is difficult to separate in the development of 
science the impact of the needs of the time and the 
influence ot personalities. I only want to mention 
two men closely connected with the renaissance 
of applied mathematics. The first is Lord 
Rayleigh, prominent representative of the great 
British school of mathematical physics, and the 
second is Felix Klein, considered as the founder of 
the so-called Géttingen school of applied mathe- 
matics and mechanics in Germany. Felix Klein 
was a pure mathematician in the field of geometry 
and the theory of functions. He became interested 
in applying mathematics to engineering after his 
first trip to the United States. I believe it was 
during the time of the first World’s Fair in Chicago. 
His visit to America convinced him that in view 
of the great natural resources and the beginning 
success of mass manufacturing methods of the 
American industry, nations less blessed by Nature 
have a chance in international competition only 
if they refine their scientific engineering by the 
extended use of mathematical methods. He 
actually found support among industrialists to 
carry out his ideas and succeeded in establishing 
in G6ttingen a centre for applied mathematical 
research. 

Applied mathematics became essential in the 
development ot the theory of elasticity, strength of 
materials, fluid mechanics, and especially in elec- 
trical and aeronautical engineering. It is often 
said that the latter two branches of engineering 
require more intricate mathematical methods than 
other fields of engineering. I do not believe that 
this is necessarily true, although these two branches 
were early forced to make use of more advanced 
mathematics. Compare, for example, hydraulics 
and aeronautics. We know that the flow of a fluid 
through a pipe is a complicated physical pheno- 
menon if we take into account all properties of 
turbulent flow; nevertheless, for approximate 
calculations we can replace the velocity distribu- 
tion by a uniform mean velocity. However, such 
an engineering approach will yield little informa- 
tion about the forces and moments acting on an 
aeroplane wing and we have to carry out an analysis 
of the distribution of velocities and pressures in 
three, or at least in two, dimensions However, I 
do not believe that aeronautical engineering has an 
exceptional position. If we really try to under- 
stand the flow ina centrifugal pump it is at least as 
complicated as the flow problems in aeronautics. 
The time soon will come, or is already here, when 
mathematical analysis will be applied in almost all 
branches of engineering. The question is how 
closely do we intend to follow the physical pheno- 
mena, and how much experimental work has been 
done to make the application of higher mathe- 
matical methods possible. The engineering applica- 
tion of mathematics is not based on purely logical 
principles alone; its purpose is the correct 
interpretation of physical phenomena. The 
engineer has first to observe and then to 
calculate. 

It is a paradoxical fact that mathematics in 
this country leans more toward abstract and pure 
mathematics than it does in most of the leading 
European nations, in spite of the fact that engi- 
neering plays a much bigger réle in American tife 
than in the life of those countries. I believe one 
reason is the following: in the second half of the 
nineteenth century most of the young American 
mathematicians studied in Europe and especially 
in Germany. The school that I called the school 
of codification was flourishing at that time in the 
German universities. These American students 
became interested mostly in the abstract problems 
of mathematics, and only a few of them came in 
contact with applied mathematics. This was one 
of the decisive factors in the development of 
American mathematics. Also, many representa- 
tives of the so-called formalistic British school 
interested in special functions and mathematical 
artifices were active in this country both in teach- 
ing and mathematical research. However, in 
recent years vigorous effort has been made to alter 
the situation and applied mathematics has taken 
its proper place in literature and schools. More and 
more engineers learn the fundamentals of analysis ; 
more and more workers in mathematics become 
interested in engineering problems. 

Of course, there always will be a difference in 
the viewpoint of the abstract scientist and the 
practical engineer. A prominent naturalist, when 
asked whether he, as a scientist, would be 
interested in the question of the immortality of the 
soul of the June bug, replied: “Certainly if the 
problem could be solved by scientific methods.” 
This reply perhaps goes too far, however, the 
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scientific mind will never be limited to questions 
of immediate usefulness to mankind. Neverthe- 
less, it seems to me that we witness a certain 
revival of the spirit of the heroic age with a better 
mutual understanding between the mathematician 
and the engineer. The practical engineer appre- 


ciates the advantage of replacing mere empiricism 
by scientific analysis expressed in mathematical 
language. At the same time, even the most abstract 
mathematician considers the usefulness of his 
science at least as a gracious by-product of his 
brainwork. 








Air Force Targets in Germany 


No. XI 
(Continued from page 296, November 8th) 


Potitz HYDROGENATION Works, NEAR STETTIN 


N last week’s article we described and illustrated 
the Leuna Hydrogenation Works of the I.G 
Farbenindustrie, near Leipzig. Those works were 
the earliest of the synthetic oil plants erected in 
Germany to operate on the Bergius principle, and 
have been followed in recent years by several other 
installations which have been put to work in 
Central and Western Germany. Practically all 
these works have been targets, some of them more 
than once, for the machines of the Bomber Com- 
mand of the Royal Air Force. Among these 
works mention may be made of the two hydro- 
genation works at Gelsenkirchen, the Gelsen- 
kirchen-Buer Hydrierwerke Scholven A.G., and 
at Gelsenkirchen-Nordstern Gelsenberg-Benzin 
A.G., the Leuna Works of the I.G. Farbenindustrie, 
those at Bohlen-Rotha of the Braunkohle Benzin 
A.G., and the works at Magdeburg-Rothensee, 
Zeitz-Troglitz, and Pélitz, near Stettin. 
The last-named works are of particular interest, 
as they form an important unit in Generalfeld- 
marschall Géring’s “ Four-year Plan.”” They were 














REACTION VESSELS 


designed by Dr. Carl Krauch, who was given charge 
of the extensions to be made in the German 
chemical and fuel industries. It was intended to 
use these works to supply Eastern Germany with 
fuels which were made from Silesian coals, supple- 
mented by residue oils imported and delivered to 
the neighbouring port of Stettin. Work on the 
Politz factory was started many months ago, and 
it was planned to begin production during the 
present year. The illustrations which accompany 
this article were first published a year ago and 
show the early stages of construction. Scarcely 
had production begun and reached full swing than 
the bombing of this plant was decided upon by the 
Royal Air Force Bomber Command. The raids 
were carried out on Thursday and Friday, Sep- 
tember 5th and 6th, and were particularly 
successful. At that time the flight was the furthest 
east yet flown by R.A.F. machines during raids on 
Germany. Many of the 1200 miles flown were over 
enemy territory, and the raiding aircraft met with 
considerable anti-aircraft fire. The works are 
situated in woods a little to the north and about 
20 kiloms. from the port of Stettin. On arrival at 
the target on September 5th the anti-aircraft fire 





met with was slight at Politz itself, but at Stettin 
was more intense. Anti-aircraft batteries on the 
other side of the River Oder joined in, and as the 
raid continued the defensive fire grew in volume. 
From Brunsbiittel, at the western end of the Kiel 
Canal, to Stettin many flares were dropped by 
enemy fighters. In contrast to the bad weather 
conditions which have been met with in several 
recent R.A.F. raids, the weather near to the target 
was good and there was no cloud and only a 
suspicion of ground haze. The first salvo was 
dropped soon after eleven o’clock and the attack 
went on for two hours. With the good visibility 
it was possible to note results in a number of cases. 

One pilot, who made a shallow dive attack, saw 
a stick of bombs fall right across the centre of the 
plant. More bursts mushroomed into sight in the 
middle of the factory buildings, two of the line of 
six 325ft. high factory chimneys collapsed, and 
fires broke out. One of the pilots recorded that he 
saw the long buildings of the refinery section of the 
plant and the six tall chimneys. As soon as he 
was satisfied with the position of his machine he 
set out to approach the works from the south-east 
in a dive attack at 350 m.p.h. A salvo of high 
explosive bombs was released and direct hits were 
scored at one end of a large building. A couple of 
chimneys toppled over and crashed and a big 
explosion followed, which was succeeded by a fire 
which could be seen 70 miles away. 

The pilot of a third aircraft said that when his 
machine reached its objective flares were dropped 
and an excellent impression of the massive outlines 
of the hydrogenation and refinery plant was 
obtained. A-fire was then raging between two of 
the largest buildings and further bombs caused a 
big explosion. Other aircraft continued to arrive 
and many direct hits were obtained in various 
parts of the factory. At one time fifteen large and 
separate fires were counted, some of which con- 
tinued to burn after the raiding aircraft had 
started on their return flight. 

The following night a still heavier attack was 
carried out, not only on the works themselves, but 
also on the many oil tanks connected with it. For 
over one hour the target was bombed by relays of 
aircraft, and at the height of the attack fires started 
by the incendiaries and high-explosive bombs were 
so extensive, and were burning so intensely, that it 
was impossible for the raiding crews to see the 
flashes of their own bomb bursts. 

Late arrivals at the target reported large sections 
of the plant burning fiercely, causing clouds of 





black smoke, which almost enveloped the works. 
The fires continued to burn and were still seen by 
the raiding aircraft 50 to 60 miles away and well 
on their homeward journey. 

From the above official reports it can be assumed 
that considerable damage was done to the plant and 
its capacity for fuel production greatly impaired. 

The process employed is generally similar in 
character to that used in the Leuna and the other 
hydrogenation works mentioned above. The plant 
has been so designed that lubricating oils, Diesel 
oils, petrol, and motor spirit mixtures for transport 
vehicles, and also gaseous fuels in compressed and 
liquid forms can be produced in accordance with 
the demands on the works. The plant includes— 
or should we say, included ?—mills for grinding the 
coal, slurry pumps, heat exchangers and heating 











REACTION VESSEL CRANE 


plants, reaction vessels and reaction chambers, 
separators, and gas circulating pumps. On the 
vapour phase side there are gas purifiers, strippers 
and condensers, continuous distillation plant and 
centrifuging plant. Other sections include the 
light oil and low-temperature retorts. Machinery 
installations comprise high-pressure boiler plant, 
hydrogen compressing plant, and fuel injection 
pumps. 

In the accompanying engravings we show a 
group of reaction vessels which were designed to 
withstand a gauge pressure of over 7300 Ib. per 
square inch at a temperature of 500 deg. Cent. 
When fully assembled these vessels weigh close 
upon 50 tons. Another engraving illustrates one of 
the avenues between the works buildings. It 
shows one of the machinery houses in course of 
erection and on the other side one of the gas-fired 
preheaters. The third view illustrates one of the 








MACHINERY HOUSE AND PREHEATER PLANT UNDER CONSTRUCTION 
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200-ton cranes which lift the reaction vessels into 
the reaction chambers, The first engraving also 
shows one of the six chimneys, each of which has, 
or had, a height of 325ft. 

An important part of the P6litz scheme was the 
creation of a suitable housing estate for the staff 
and the workmen. This was entrusted on the 
architectural side to Professor Weipking-Jurgens- 
mann. It is laid out at a distance of about ten 
minutes’ walk from the works and is separated 
from the factory proper by a wide strip of pine 
and beech woodland. About 1000 small self- 
contained houses with gardens were to be built and 
most of them had been completed. 

The capital sum expended on the building and 
equipping of these works is, it is reported, close 
upon 80,000,000 marks. The direction of the 
factory was entrusted to Dr. Kurt Wissel, who for 
many years has been closely associated with Dr. 
Pier, of Ludwigshaven, in the chemical and tech- 
nical development of the hydrogenation process. 








Modernisation of Waterloo and 
City Railway 


THE first stage of the modernisation of the Southern 
Railway’s line between Waterloo Station and the 
Bank—the Waterloo and City Railway—has now 
been completed. The new arrangements were 
brought into operation on October 28th. 

_ The new rolling stock now running on the line 
has been designed to obtain the maximum amount of 
seating capacity consistent with comfort, and also 





INTERIOR OF COACH 


allows for a very much greater standing space than 
in the old rolling stock. Twenty-eight new coaches 
are being supplied—twelve motor coaches and sixteen 
trailer coaches. They will seat 1312 passengers and 
will be formed into five five-coach trains, each 
consisting of two motor coaches and three trailer 
coaches. The remaining two motor coaches and 
one trailer coach are spares for maintenance, &c. 
During the busy hours five-coach trains will be run 
with accommodation for 600 passengers, and during 
the slack hours the service will be maintained by 
motor coaches detached from the five-coach trains. 
The control equipment is of the most modern design 
and is similar to and largely interchangeable with 
the equipments used on the latest suburban and 
express units of the Southern Railway. The coaches 
are provided with electrically controlled, air-operated 
doors, so that the guard is able to control all the 
doors on a train from one position. A tunnel telephone 
hand set is carried in each driving cab for use in 
emergency, and can be clipped to bare wires run the 
length of each tunnel. The clipping of the telephone 
to the wires automatically cuts off the current in 
the tunnel concerned and places the motorman 
in communication with the electric supply sub-station. 

It has not been possible to introduce the new 
stock gradually as part of the improvement of this 
railway has been the moving of the conductor rail 
from its original position centrally between the 
running rails to the standard position laid down by 
the Ministry of Transport, i.e., 16in. outside the 
running rail. As many as 6445 yards of new conductor 
rail have been laid. The standard arrangement of 
conductor rails incidentally enabled the new Waterloo 
and City trains to be tested on the surface lines of 
the Southern Railway. 

In order to reduce noise to a minimum, the running 
rails have been welded into 315ft. lengths, involving 
544 welded joints. Noise-absorbing shields will also 
be experimented with after the new rolling stock 








has been brought into use. These shields will be 
fitted between the lower portion of the coaches and 
the tunnel walls. New lighting in the tunnels has 
been installed on a semi-automatic principle, and 
colour-light signalling has been introduced. Tickets 
are no longer issued on the trains, as four automatic 
ticket-issuing machines have been provided at each 
station, as well as three booking offices at Waterloo 
and one at the Bank Station. 

Powers have been obtained for the construction 
of escalators at Bank Station, and a low-level subway 
giving direct access to the London Passenger Trans- 
port Board Central London Line ; but, owing to the 
war, this section of the work has been deferred. 

The Waterloo and City Railway is only 
1 mile 46 chains long. The line was opened in 
August, 1898, and it carries an average of 30,000 
passengers daily, most of them, of course, during the 
business rush hours. Two photographs reproduced 
with this article illustrate the new rolling stock and 
the new main switchboard. 








American Engineering News 


American Railway Mechanical Convention 

At the annual meeting of the Mechanical 
Division of the Association of American Railroads, 
a@ majority of the subjects presented and discussed 
related to progress or to comparatively minor matters, 
one of the exceptions being the report on develop- 
ments in locomotive construction. Certain changes 
in journal boxes were recommended, on account 
of the overheating of bearings, 6}in. by 12in. under ten- 
ders ; and also revisions as to specifications for packing, 
waste, and renovated oils. For cast iron wheels, the 


minimum and maximum weights are revised to be 
840 lb. and 850 Ib. respectively, since many wheels 
now made weigh about 850lb. New specifications 
have been prepared for wrought steel wheels, as now 
used under engines, tenders, and cars. But the 
status of the cast steel wheel industry is uncertain, 
and wheels of this type are not now being manu- 
factured. Difficulties with the shelling of heat- 
treated wrought steel wheels have been largely 
eliminated by using a carbon content of 0-57 to 
0-67, and a minimum Brinell hardness of 277. 
Draught gears, couplers, and brake rigging were 
subjects on which progressive improvements were 
noted. Fusion-welded tanks for tank cars have 
been approved and are recommended for the trans- 
portation of dangerous materials. The Committee 
on Car Construction reported that of 47,000 covered 
and hopper cars ordered from May, 1939, to May, 
1940, over 90 per cent. were designed to the “‘ A.A.R.”’ 
specifications. Changes in standard details for steel 
box or covered cars were noted, and new designs for 
car axles. Tests are being made as to detrimental 
effects on the fatigue strength of-axles owing to 
clamping on belt pulleys for driving electric 
generators. The report on locomotive construction 
noted possible effects of exhaust steam injectors 
or heaters on boiler maintenance.  Oil-electric 
locomotives now number 750, and are in operation 
on 122 railways, and the former trend towards 
engines of 600 H.P. has now increased to 1000 H.P. 


Garage with Stepped Floors 

A concrete garage building for the electrical 
bureau of the City of Los Angeles has an arrange- 
ment of stepped or staggered floors, in which the floors 
of one side of the building are midway between and 
overlap the floors on the other side or half of the 
building. In this way the car capacity is said to be 
increased 20 per cent. over that of a garage of con- 
ventional design, with a corresponding saving in 








size and cost. With a nominal height of 17ft. between 
floors, the largest lorries used by the city can be 
placed under the overlapping floors at the middle 
of the building. In this part of the building, also, 
are the ramps connecting the several floors, thus 
providing for a continuous spiral travel instead of 
alternate inclined ramps and level floors. They 
are 19}ft. wide and 34ft. long between floors, with 
@ gradient of 1 in 5, curved and banked for a normal 
safe speed of 30 miles an hour. The largest lorries 
can be run to the roof, which is utilised for 
storage or parking. There is storage space in the 
building for 400 cars and lortiss. The concrete 
paving of the ramps has a roughened or scored 
surface to improve traction, and a drain is provided 
across the bottom of each ramp. Air scuppers or 
drains on each floor collect air that is heavy through 
being charged with carbon monoxide, and these 
drains lzad into ducts whence the heavy air is drawn 
by a pair of fans having 5 H.P. motors and discharged 
above the roof. No other mechanical ventilation 
is needed owing to the unusually high ceiling height, 
which permits the overlapping of floors. The 
numerous large windows with pivoted sashes and the 
large ramp openings combine to provide ample 
natural ventilation. Doorways for entrance and 
exit have motor-operated rolling doors, 26ft. wide, 
and the dispatcher’s office is near the entrance. 
Complete sprinkler fire protection is provided, and, 
in addition to the fire escapes, there is an enclosed 
stairway tower the full height of the building. 


Technical Journals from Europe 
In spite of the war, the Engineering Societies 
Library is experiencing no difficulty in its receipt of 
technical periodicals from Great Bu.itain. But only 
a few engineering magazines reach the Library now 
from Continental Europe. The 350 or more periodicals 





MAIN SWITCHBOARD 


trom England and other parts of the British Empire 
are coming through with unusual regularity. The 
Allied blockade of Germany failed to stop the flow of 
German magazines to the Library through Italy. 
But with the entrance of the latter country into the 
war, the Library failed to receive German and 
Italian publications for several months. Now some 
of the German periodicals are being received again 
through Siberia and Japan, as indicated by the post- 
marks on the wrappers. Génie Civil and other French 
periodicals ceased arriving at the Library a few weeks 
after the surrender of France. To avoid the loss of 
valuable publications being sent to and received from 
the British Isles and Continental Europe, through 
exchange agreements between engineering institutions 
there and the Engineering Societies Library and its 
co-operating organisations, namely, American Society 
of Civil Engineers, American Institute of Mining and 
Metallurgical Engineers, the American Society of 
Mechanical Engineers, and the American Institute of 
Electrical Engineers, arrangements have been com- 
pleted to store them in the country of origin until the 
end of hostilities. Similar arrangements during the 
last war proved so satisfactory that only one or two 
sets of foreign periodicals failed to be completed with 
the resumption of commerce between belligerents. 








Dr-TINNED Purity.—The Tin Research Institute 
published in its latest bulletin information regarding the 
purity of reclaimed tin produced commercially in the 
United States of America by electrolytic methods. Three 
analyses made separately and at different works gave over 
99-9 per cent. purity. Considerable interest is being shown 
in the use of very pure tin in the United States, though con- 
sumers are not sure whether there is any advantage apart 
from an assurance that they are on the safe side. The 
chief source of reclaimed tin is clean tin-plate scrap from 
the can factories. The annual production of pig tin at 
detinning plants in the United States is 2000 to 2500 tons. 
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LARGE OR SMALL A.R.P. SHELTERS 


WHEN this war began, as everyone knows, 
German aircraft, intent upon raiding this country, 
had of necessity to begin their flights from within 
German borders and thus had to make a journey of 
several hundreds of miles. It was expected at that 
time that on the outbreak of war an aerial blitzkrieg 
would be directed against London and other large 
cities ; that it would be maintained by thousands 
of aircraft, and that the weight of the attack would 
be broken within a few weeks. When the blitzkrieg 
did not materialise the only alternative that 
seemed probable was a succession of relatively 
frequent, but short-time, raids kept up by a smaller 
number of aircraft operating mainly in daylight ; 
for it was known that the Germans did not regard 
night bombing as effective. There can be little 
doubt that the official policy of A.R.P. works 
designed to meet those conditions and adopted by 
Sir John Anderson was the right one in the light of 
expectations. It relied upon the dispersal of the 
population in Anderson shelters, street shelters, 
basements, and cellars to reduce the loss of life 
resulting from the effects of any single bomb. The 
public shelters envisaged, of which many have now 
been constructed, were to provide protection against 
blast and splinters, but were not intended to give 
security against a direct hit. As against a policy of 
building deep bomb-proof shelters which was 
advocated long before the outbreak of war, it was 
argued, and at that time we think rightly argued, 





that there was “insufficient time to construct them 
and, of greater importance, that those requiring 
shelter when the sirens wailed would not have 
sufficient time to travel any distance, but must 
look for shelter on the spot. Since large shelters 
must be spaced out at relatively large distances, 
no expectation could be held out that their capacity 
for holding hundreds or even thousands of people 
would ever be properly used. 

When, however, first Norway, then Holland, 
Belgium and France were overrun by the Nazis 
in quick succession, the original conditions no 
longer held true. Thanks to the magnificent 
efforts of the R.A.F., daylight raids remained of the 
short-lived type. But the Germans began to raid 
by night and, thanks to the proximity of their 
captured aerodromes to our coasts, they are now 
able to maintain a raid from dusk till dawn. At 
night, therefore, instead of being forced to retire 
for an occasional short period to a place of security, 
as originally envisaged, the majority of the popula- 
tion, if it remains at home, has to choose between 
spending the night in safety and discomfort, as 
represented by a garden shelter, or in comfort and 
at risk as represented by the house itself. It is 
little wonder that as the weather has become 


; | progressively colder and wetter more and more 


people have deserted their homes each night and 
carried what comforts they can to public shelters, 
where warmth at least is usually combined with a 
greater sense of safety. They have done so in 
spite of the fact that those shelters were originally 
built with the intention of providing protection 
only for people caught in the streets—not for 
the surrounding householders and tenants. In 
fact, expectations regarding raids have not been 
realised. The chief objection to largeshelters holding 
thousands of people has become no longer valid. 
For where such shelters exist, as in the case of the 
Aldwych tube, they are filled to capacity before the 
night raids begin. In the light of these facts the 
A.R.P. Co-ordinating Committee, an independent 
body which has doctors, architects, scientists and 
engineers on its membership, has recently sent a 
communication to Mr. Morrison, the recently 
appointed Minister of Home Security, condemning 
the policy recently announced by the Minister, 
which, so far as the provision of shelters is con- 
cerned, provides for little modification of his prede- 
cessor’s methods. The object of the Committee, 
which has been in existence since a date before the 
war began, is to encourage the provision of really 
secure shelters for the greater part of the population. 
The Committee advocates the construction of large 
and really bomb-proof shelters. They can be of 
the tunnel or “‘ deep ” shelter type or built on the 
surface, then depending, not on depth, but on 
concrete and steel for their bomb-proof qualities ; 
additionally, as indeed already provided for by 
the Government, it proposes construction of 
new shafts from the tube railways. The shelters, 
it is argued, should be of large size, for several 
reasons, the most important being that for a given 
expenditure per head the large shelter can be made 
safer than the small one. As to the cost, it is 
stated that the contract for the scheme for 
a deep shelter at Finsbury, that caused so 
much controversy in February, 1938, was actually 
being negotiated at that time for an amount 
which worked out at the not unreasonable figure 
of £13 per head. 

Great sympathy will be felt by everyone with 
the objects of the Committee. There can be little 
doubt about the technical possibility of building 
bomb-proof underground shelters. We may, too, 
reasonably suppose that the Committee has 
satisfied itself, at least, regarding the possibilities 
of overcoming the technical difficulties of building 
really bomb-proof shelters above ground. The 
large shelter, it is claimed by the Committee, 
has other advantages apart from its safety. 
The erection of bunks and the provision of ventila- 
tion, warmth and sanitary services, all necessities 
if the health of the people is to be maintained, can 
be very much reduced per capita as compared with 
small shelters. To some extent the Government has 
already admitted the need for large shelters by its 
decision to drive additional headings from the 
tube railways in London and by opening the Ald- 
wych tube and the platforms and passages of other 
tube stations to those seeking all-night shelter. 





But it is clear that it still views with disfavour the 
general construction of large bomb-proof shelters. 
There are, of course, many factors which the 
Government in coming to that decision has had to 
take into account, notably in relation to finance and 
the availability of materials and labour. In that 
connection it is stated by the Committee that 
out of a pre-war steel productive capacity of 
13 million tons annually, only 11,000 tons annually 
has been allocated to A.R.P. purposes. The whole 
matter, too, is obviously influenced by the possi- 
bility, the chances of which the Government is in 
a better position than anyone else to reckon, that 
the answer to the night bomber may be imminent. 
But at least the arguments of the Committee 
deserve careful consideration in conjunction with 
all other information available to the Government. 
It certainly must not be mere departmental inertia 
in failing to understand the altered conditions 
that holds back a change of policy, if such a change 
would be beneficial. 


The Purchaser Pays 


It is perhaps not as widely understood as it 
should be that it is the customer who. pays divi- 
dends, fees, salaries, and wages. The employer is 
no more than an intérmediary between him and 
his own employees, and the members and share- 
holders of his firm. Few people, and particularly 
workpeople, look beyond their employers. They 
fail to see that he cannot transmit to them what 
he does not receive. Whatever they get in the 
way of salaries or wages must be taken, in the first 
place, from the purchasers of the goods produced. 
There is no other source from which they can come. 
When therefore they demand more wages, they are, 
in fact, asking the purchaser to pay more for the 
things they make. That is especially true when a 
general increase of wages is sought. Here and there 
profits on production are so high that wages might 
be increased as far as that product is concerned 
without an equivalent increase in price. But that 
is not the case when a whole industry is involved. 
Taken in the lump, competitive trading conditions 
keep profits at a level where any increase in wages 
must be met by raising the selling cost. In other 
words, it is the customer who must pay them. 

No more than a little consideration is necessary 
to show that when that happens the purchasing 
value of the pound falls. The purchaser has to 
pay more for the same goods, and as he himself is 
in ninety-nine cases out of a hundred a producer of 
some commodity—in which we include service— 
he, in his turn, increases his prices. That comes 
back upon the wage earner again, and he finds that 
every increase that he insists upon to meet the 
rising cost of living means a further increase in that 
cost. That is to say, the value of the pound 
sterling keeps on falling. That the two curves of 
wages and living costs do not immediately and 
invariably cancel out is due almost entirely to 
technical progress and better selling organisation 
which enable the employers to pay a little more 
without having to charge the purchaser more. 
Thus in normal prosperous times the real value 
of wages tends to increase, as may be seen in the 
ever-improving conditions of life in the wage- 
earning class. But sooner or later a point is 
reached where nothing more can be done; then 
the temporary improvement enjoyed by the wage- 
earner disappears. At that point the value of the 
pound has become permanently lower. Every- 
thing costs more and a form of inflation has begun. 
In order to stop that, many people thought that 
wages and salaries should be frozen where they were 
at the beginning of the war. That was found to be 
impracticable, principally because the cost of all 
imported goods, including foodstuffs, rose rapidly, 
and something had to be done to enable people to 
pay for the necessities of life. At the moment, the 
cost-of-living figure ix some 80 per cent. higher 
than it was in the middle of 1914, and some 15 to 
20 per cent. higher than at the beginning of the 
present war. A further increase is inevitable if the 
costs of production rise owing to the payment of 
higher wages. Such a rise is undesirable from 
every point of view, and the refusal of the Engi- 
neering Employers’ Federation to agree to a very 
substantial national increase of wages is therefore 
based on sound economics. That brings us to 
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another point on which miscomprehension is very 
common. At the moment the Government is the 
principal purchaser from engineering firms. But 
one may hear people talk of the Government as if 
it were an independent entity, with a bottomless 
purse. Of course, it is nothing of the kind; the 
Government can only spend money that it receives 
from the public. Hence the public is, in fact, the 
purchaser. Everyone in the land who pays duties 
and taxes is now a buyer of war commodities, and 
has to pay more if the costs of production increase. 
But munitions of war cannot make the country 
any richer ; in fact, it gets by so much the poorer 
for every additional shilling it spends on them. 
We need not say that all this is just as true of 
services—let us say transport—as it is of produced 
goods. 

Obvious as these facts are to all who have given 
any thought to them, there are many, unfor- 
tunately, who never look below the surface, who 
see no further than their employer or the Govern- 
ment, and do not recognise that it is the purchaser 
who pays and that the employer or the Govern- 
ment is no more than an intermediary between 
him and the actual producer. We have put the 
matter in the simplest form in the hope that it will 
cause some who have not yet done so to reflect 
upon the real effect of the increases of wages which 
they advocate or demand. But we are not unaware 
that various complications arise, and that no 
Government yet has ever succeeded in preventing 
the depreciation of its currency, measured by 
purchasing value, when engaged in hostilities. 
Nevertheless, there can never be any hope of 
solving a problem, never any hope of restraining 
an evil, if the fundamental facts are not fully com- 
prehended. We therefore venture to suggest to 
wage-earners particularly that they should look 
beyond their employers and remember always that 
it is the purchaser who pays them. 





Letters to the Editor 
(We do not hold ourselves reaponsible for the opinions of our 
correspondents) 


TOWN’S GAS FUEL FOR PETROL MOTORS 


Str,—I am a little disappointed that either Mr. 
Chamberlain or other expert in the gas engine has 
not explained the need of increasing the gas content 
of the mixture by 100 per cent. when using this kind 
of gas in the petrol motor, if, indeed, they have seen 
the inquiry, because much is happening in gas engine 
technique which is, to say the least of it, revolutionary 
and is therefore of technical interest. 

For example, the National Gas Engine Company 
has found in a single experiment, on the authority 
of a paper read by Mr. J. Jones, A.M. Inst. C.E., 
of that firm, that the rules for gas engine compression 
which have endured for a generation have gone by 
the board and that gas mixtures can be subjected to 
diesel compression even when the charge is fully 
inspirated by the piston, without pre-ignition, when 
it may be ignited either by a small injection of oil 
fuel or by spark ignition apparently. One wonders 
what factor has been introduced or eliminated to 
make this possible in face of the long-retained belief 
that some 175 lb. per square inch marked the limit 
of safe compression if pre-ignition was to be avoided 
in this class of engine. 

The higher compression has, it is claimed, raised 
the thermal efficiency of the dual fuel engine to above 
that of the diesel engine, and Mr. Jones’s paper 
shows that with anthracite at 40s. per ton and diesel 
oil at 5s. per gallon, the cost of operation becomes as 
low as 0-1626d. per B.H.P. hour for fuel. 

In view of these astonishing and rapid advances 
all problems connected with gas engine technique 
are therefore assuming considerable importance 
for the future, and the question raised in my original 
letter cannot be so foolish as to deserve complete 
disregard. 

Incidentally, it may be of interest to point out 
that even the fine performance of the dual fuel high- 
compression gas engine does not surpass the official 
test figures of the low-compression Humphrey 
pumps installed for the Metropolitan Water Board 
in 1913, where the mean consumption of five units 
in six tests came to 0:906lb. per P.H.P. hour, 
and the cost, taking the same price of 40s. per ton 
for anthracite, becomes 0-195d. per P.H.P. hour, 
with additional economies in lubrication, depreciation, 
and maintenance charges. 

T am assuming, of course, a pumping load for the 





high-compression gas engine and a pump efficiency 
in practical application of 80 per cent. (mean), 
which would increase the figure of 0-1626d. per 
B.H.P. hour to 0-2032d. per P.H.P. hour. 

All in all, I would therefore suggest that fresh 
discoveries in gas fuel mixtures or engine develop- 
ments are worthy of discussion, and where they 
upset long-established and accepted data also of 
explanation where trade secrets are not involved. 

INQUIRER. 

November 9th. 


PLANNING FOR THE FUTURE 


Sir—-Systematic long term planning is of course 
a leaf taken from the Bolshevik régime; it has the 
great disadvantage, being tied up as it must be 
with mass production and standardisation, of binding 
a nation down to certain lines and depriving it of the 
benefit of current improvements in technique. 

An early example of looking too far ahead may be 
quoted in the triumph of the 4ft. 8}in. gauge in the 
battle of the gauges on the railways. A more recent 
example may be quoted in the national electrical 
grid, for few will now deny that, had each county or 
agreed small area had its independent generating 
station, each using the cheapest available fuel and with 
short transmission systems, we would have to-day 
been enjoying cheaper power than the grid has pro- 
vided so far. 

There are weighty counsels against the exhibition 
of too much concern for the distant future. The 
Scriptures are definite on the point, ‘‘ Rabbie ” 
Burns warns us of the failure of the plans of ‘‘ mice 
and men,’’ and Shakespeare refers to the intervention 
of destiny in human affairs, no matter their 
intentions. 

Agreed that all men of good-will are concerned to 
see a better world emerge from the present war, few 
such are completely altruistic ; subconsciously or 
otherwise they think very largely of better conditions 
so far as they themselves are affected, primarily 
anyhow. 

The basic law of survival of the fittest cannot be 
lightly dismissed. The lot of the under-dog can be 
alleviated, but only by the fostering of a more 
humane outlook. To destroy competition is to put a 
premium on vested interests, which have already done 
so much to prevent beneficial development. 

The great Russian experiment largely seeks to 
reduce all men to some common level, which, how- 
ever high it may become, implies a static condition, 
in which possible improvement is handicapped and 
retarded. Obviously real progress can only be 
possible in a fluid or flexible social régime, which will 
welcome and encourage valuable innovations, regard- 
less of how their introduction may affect the existing 
interests of ‘‘ Big Business.” 

The better world will not be forged by dragooning 
the masses along lines thought out for them, but by 
securing freedom for the individual with ideas to 
develop those ideas in fair competition with amassed 
capital. In a word the rule of “‘ Mammon ” must be 
ended. Systematic “planning” will only con- 
solidate the rule of “Mammon” and foster the 
growth of that materialism which is probably the 
greatest single contributory factor to the present 
world war. S. P. C. 

Southsea, November 5th. 


SCIENCE IN WAR 


Si1r,—I read with considerable interest your above 
article in the issue of August 9th. 

As an engineering journal, I think you do a service 
by stressing the need for clear definition. Science 
has too many definitions, some very vague to the 
average person. 

It is clear we cannot make water-tight definitions, 
but much misunderstanding in the world would be 
avoided if authors gave first a definition of the word 
they use, and as it is used in the context of their 
books. 

Science—knowledge—a searching for truth, cannot 
be confined to channels. Man’s mind and efforts 
must rove where they will in search of truth. It 
seems that the book to which you make reference 
confuses this with the lack of applying the truths 
found by science, or their prevention in use for the 
good of all, by interested parties or vested interests. 

If we would look upon a “neglect of science ” 
as neglecting to supply the material needs of people 
like Curie, Edison, Pasteur, we might have a better 
understanding of what we mean by the expression 
** neglect of science.” 

Most of the great men of science have never had 
the urge, or, for that matter, the capacity, to com- 
mercialise the truths they have discovered. 
: TW: 


Calcutta, September 26th. 





Sixty Years Ago 


GLASGOW AND THE CLYDE 


Ir is perhaps a little curious that in our issue 
of November 12th, 1880, we should have had 
recourse to a French contemporary, the Nowvelle 
Revue, for an account of the history of Glasgow and 
the Clyde. No doubt, however, we justified our 
action, first, on the ground that the author of the 
article which we summarised was M. Simonin, a 
well-known French engineer gifted with a charm and 
grace of literary style, and secondly, because it was 
good for us to see ourselves through the eyes of 
others. It is a trite, but true, saying that Glasgow 
made the Clyde and the Clyde made Glasgow. As 
Nature planned it the river was obstructed by sand 
banks and quite unsuited for navigation by ships. 
During early centuries attempts were made to 
improve it, but they ended in failure. In 1658 
the Glasgow magistrates sought to persuade their 
brethren at Dumbarton to lease them a site for the 
construction of a port. The Dumbartonians, how- 
ever, objected on the ground that the assembling 
of a number of mariners in their town would send 
up the cost of provisions. The Glaswegians, tired 
of opposition, obtained a site on the opposite side 
of the river, and there established a port—to this 
day known as Port Glasgow—with a road connection 
to their city. In 1688 an unloading quay was built 
at Broomielaw, close to the centre of the city. These 
steps, however, hardly brought prosperity to Glasgow. 
At the union in 1707 it contained only 13,000 
inhabitants. The widening and deepening of the 
Clyde remained to be undertaken before the rich 
resources of the surrounding districts could be 
developed. In 1755 the Glasgow magistrates 
consulted Smeaton on the problem and later sought 
the assistance of Goldborne, James Watt, Rennie, 
and Telford. Smeaton proposed a system of locks 
which would ensure at all times a depth of 4ft. 6in. 
at Broomielaw quay. Happily, the scheme was not 
adopted. It was Goldborne who, in 1768, inaugurated 
the system which has since been followed to this day 
of building longitudinal dykes in the river and of 
deepening it by dredging between the dykes. At 
first, the dredgers employed were veritable ploughs 
drawn by horses at low water. Harrows pulled 
backwards and forwards by boats were also used. 
Manually operated hydraulic dredgers soon followed, 
but it was not until 1824 that steam dredgers were 
used. At the time of M. Simonin’s visit to Glasgow 
the amount of material being dredged from the river 
was about 1 million cubic metres a year, or almost 
sufficient to keep up all the highways in France for 
the same period. In places the river was encumbered 
not only with sand and silt, but with large boulders, 
sometimes weighing as much as 6 tons. If they 
were too big to be moved by the dredgers, men 
descended in a diving bell to break them up. At 
one point 4 miles below Glasgow, a dyke of porphyry 
crossed the river bed. Its presence was unsuspected 
until a transatlantic steamer ran on to it and seriously 
damaged her hull in 1854. The dyke occupied the 
full width of the river—300ft.—and was 900ft. long. 
It was blown up, the fragments being removed with 
the aid of a diving bell. After describing the state 
of industrial prosperity which he found in the city, 
M. Simonin concluded by commending its example 
to those concerned with navigation on the Seine, 
the Loire, and the Gironde. 








THE IRON AND STEEL INSTITUTE 


By arrangement with the Sheffield Society of 
Engineers and Metallurgists and the Sheffield Metal- 
lurgical Association, the autumn meeting of the Iron 
and Steel Institute was held in Sheffield on Tuesday 
last, November 12th. There were three sessions. The 
first began at 12.50 and ended with a luncheon ; the 
second at 2.45, when three papers were read and dis- 
cussed ; and the last at 6.15 p.m., when three more 
papers were submitted. There were none of the usual 
visits, and the only official social functions were the 
luncheon already mentioned and a short break for 
tea. The papers included a discussion of the Perrin 
process for the manufacture of steel, by Mr. B. 
Yaneske ; a note on the practical side of blast-furnace 
management, especially in South Africa, by Mr. 
R. R. F. Walton; the description of an accelerated 
spray test for atmospheric corrosion, by Messrs. T. 
Swinden and W. W. Stevenson; a paper on “ The 
Quantitative Evaluation of Non-metallic Inclusion 
in Steel,’ by Messrs. W. H. Hatfield and G. W. Giles ; 
another on ‘‘ The Influence of some Special Elements 
upon the Strain-ageing and Yield-pomt Character- 
istics of Low-carbon Steels,” by Messrs. C. A. 
Edwards, D. L. Phillips and H. N. Jones ; and finally 
one by Messrs. H. Lipson and N. J. Petch on “ The 
Crystal Structure of Cementite.” The two contribu- 
tions on the spray test and gn non-metallic inclusions 
were reports, the first by the Corrosion Committee 
and the second by the Committee on the Hetero- 
geneity of Steel Ingots. 
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Ancient Harbours’ 


No. II 
(Continued from page 302, November 8th) 


GRECIAN HARBOURS 


HEN we come to Grecian times a rather 

different state of things is found. The 
shores of Greece and those of most of her colonies 
abounded in deep bays and long arms of the sea 
stretching inland, forming excellent natural har- 
bours that required little in the way of artificial 
works to make them safe refuges. Moreover, 
Greece was divided into many small states, 
each of which, except Doris, Arcadia, and a few 
others with no seaboard, had its own port. Great 
harbours of cyclopic stonework like Pharos and 
Tyre were, therefore, unnecessary. Generally, 
all that their natural harbours needed, apart 
from quays and wharfs, were short moles to narrow 
the entrance. 

In the early days Athens used the broad open 
bay of Phalerum, where ships were beached in 
sight of the city. That arrangement had several 
disadvantages. In a surprise attack the enemy 
might land and paralyse the defenders before they 
could get down from the city and launch their 
ships ; a more serious and permanent objection 
was that vessels had to lie out in the open exposed 
to the elements, an important fact when it is 
remembered that no voyages were undertaken 
between November and March. When the Persian 
danger arose, Themistocles, in 493 B.c., persuaded 
the Athenians to transfer their shipping to the 
fine natural harbour of Pirzeus and its two small 
neighbouring land-locked bays of Zea and Muny- 
chia (Fig. 6). The works initiated by Themistocles 





If the triremes were left lying in the water they 
soon became leaky and unseaworthy, and also 
were liable to be attacked by the teredo. Their 
wooden fittings were stored alongside the vessels 
in the shipsteads ; hanging tackle, sails, and ropes 
were kept in the large arsenal at the entrance to 
the war harbour. Traces of such buildings in 
Zea and Munychia are still in existence; those 
around Zea were roofed by low gables supported 
on stone columns, each gable sheltering two 


triremes. 
* ok * ok * * 


Roman HARBOURS 


“ Italy,’’ wrote Mr. H. Stuart Jones, “is not 
furnished by Nature with many good harbours. 
The estuaries of her greater rivers—the Po and 
the Tiber—are subject to rapid accumulation of 
alluvial deposit, and some of her natural road- 
steads, such as Antium, are rendered unfit for 
remunerative harbour works by reason of their 
shifting sands. Few are the harbours such as 
Brundusium, where a safe anchorage is provided 
by natural spits and promontories. The Romans 
were therefore obliged to face technical problems 
of no small difficulty when their growing commerce 
demanded effectual shelter in the ports of Italy.” 
The Romans were essentially practical people, 
and in dealing with those technical problems they 
introduced many new methods, among which the 
most outstanding were the use of the arch, the 
cofferdam, hydraulic cement (pozzuolana), and 
the driving of piles in deep water. The discovery 
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FIG. 6—PORT OF ATHENS IN GRECIAN TIMES 


and completed by Pericles gave Athens one of the 
safest and most convenient harbours in the ancient 
world. All three harbours were enclosed in one 
circuit of fortifications and connected to the city 
by the two famous long walls. The natural 
entrances to Pireus and Munychia were reduced 
in width to 55 yards and 40 yards respectively 
by the construction of solid breakwaters. Zea 
needed no narrowing. Apparently those break- 
waters were constructed by heavy rubble thrown 
into the water and allowed to assume a natural 
slope. When the mound thus formed reached 
water level a superstructure of huge blocks, some 
of them 10ft. square, fastened together with iron 
cramps, run in with molten lead, was built. This 
was the usual type of Grecian pier. Pirzus, the 
main harbour, was divided into three chief basins, 
the mercantile harbour, in the centre, which 
occupied most of the area ; the small corn harbour 
on the north ; and the war harbour in the south. 
In the centre was the agora, or market, of Hoppo- 
damus ; on the western margin of the war harbour 
(the Kantharos) extended the emporium or deigma, 
flanked by a series of porticos, the centre of com- 
mercial activities ; near the entrance to the corn 
harbour was another large agora. Around the 
three harbours shipsteads were built, in which 
vessels could lie high and dry. They formed an 
essential part of the dockyard, especially for 
warships, which put to sea only on active service. 





* From the Presidential Address of Sir Leopold Saville to 
the Institution of Civil Engineers.—November 6th. 





of pozzuolana in the third century B.c. brought 
about a radical change in building and civil engi- 
neering structures. ‘‘ Mixed with lime and rubble, 
wrote Vitruvius, “it not only furnishes strength 
to other buildings, but also when piers are built 
in the sea, they set under water and can be dis- 
solved neither by the waves nor by the power of 
the water.” The Egyptians used the cyclopic 
dry-stone structure; the Greeks used large ashlar 
masonry held together by iron dowels and lead ; 
the Romans used their famous, almost everlasting, 
concrete made of pozzuolana, lime, and stone; 
and it was pozzuolana that rendered possible the 
erection of those gigantic vaulted structures found 
all over the Empire. Piles were used in bridge- 
work and foundations ; but the great importance 
of pile driving, so far as we are concerned at the 
moment, was that it enabled the engineer to 
make cofferdams for pier building. 

Vitruvius, in his treatise on architecture and 
civil engineering, “De Architectura,”’ written 
at the beginning of the first century A.D., has a 
short chapter on harbour engineering at the end 
of the fifth book. His object was to deal with 
the methods by which ships could be protected 
against storms and tempests. After a reference 
to the usefulness of natural harbours, he explains 
the technique of building breakwaters by means 
of cofferdams (arcae). In the last section of the 
chapter he states that shipyards should have a 
northern aspect whenever possible, because 
southern aspects, owing to their warmth, generate 





dry rot, tinea, teredo, and other kinds of noxious 
creatures. In any case, he says, wood should be 
used as little as possible on account of its inflam- 
mable nature. His remarks on the construction 
of breakwaters are of considerable interest. Four 
different methods are described. In the first case, 
where a masonry dam had to be made in the sea, 
he advised a cofferdam made of oak piles bound 
firmly together with chains. When this was 
finished the bottom was to be levelled and cleared, 
and a platform of beams laid upon it. The whole 
space above this was to be filled with stones 
embedded in a mortar composed of 2 parts of 
hydraulic cement to 1 part of lime. Next he 
discusses what should be done in places where 
hydraulic cement is unobtainable. In this case 
a double cofferdam should be built and the spaces 
between the walls of each cofferdam filled with 
clay in wicker baskets, tightly rammed down to 
make them water-tight. The interior was then 
to be pumped dry by means of water screws and 
water wheels, and, if the bottom were hard ground, 
a concrete wall composed of stone, lime, and sand 
was to be built upon it, the lower portion being 
made wider than the upper. If, however (and 
this is his third method), the ground at the bottom 
was soft, the foundation had to be prepared by 
putting down a layer of piles of charred alder and 
olive wood filled in with charcoal. On this the 
outsides of the walls were built of squared stone, 
with the longest possible joints, so that the middle 
stones might be well tied together by the bedding. 
The middle was filled with rubble or masonry 
work. In a very difficult passage he describes 
a fourth method, to be employed when it was not 
possible to use cofferdams owing to the violence 
of the sea. A mound was built out as far as possible, 
at the end of which small walls, springing from 
just below the water, were built up to the level 
of the top, forming an empty space between 
themselves and the slopes of the mound. This 
space was filled with sand, and formed what he 
called a margin. On this margin a large pillar 
of masonry was built and was left for two months 
to dry ; after that period the walls were cut away, 
and when the sand was scoured by the action of 
the waves the pillar fell into the sea as a solid 
monolith. “In this way,” says Vitruvius, “as 
often as is necessary, the pier is carried further 
into the water.” It must, however, have been a 
very slow process. 
* * * * * * 

The sand problem caused the Romans con- 
siderable trouble. Although some form of dredging 
is said to have been practised by the ancients in 
maintaining and deepening their irrigation 
channels, no record exists that it was ever developed 
sufficiently to enable them to use it to deal with 
silting in river channels and harbours. The arcade 
form of breakwater was an attempt to use the 
tidal current to scour harbours, but usually failed 
in its purpose. The problem remained and silting 
drove the Romans from the harbour at Antium, 
and from the Tiber, and turned the magnificent 
harbour at Ostia into a failure. 

* * * * * * 


Many efforts were made to keep the Tiber open 
below Rome by revetting the banks and controlling 
the channel to induce scour, but all in vain. 
Gradually, all shipping, except boats of the 
shallowest draught, was forced down to the lower 
part of the estuary, whence goods had to be 
transferred by barge to Rome. A great deal of 
the trade was transferred to Puteoli, which came 
to be regarded as the port of Rome and rose to 
the position of the premier commercial harbour 
of Italy; but its distance of about 140 miles 
from the metropolis, along the Via Appia, formed 
@ serious inconvenience in view of the slowness 
of transport in those days. Moreover, a safe 
harbour was needed to accommodate the fleet 
which had the duty of guarding the mouth of the 
Tiber. Cesar realised the urgency of the problem 
and proposed to build a new port, but he was 
prevented from doing so by the objections of his 
engineers. In a.D, 43 Claudius overruled these 
objections and gave orders to proceed with the 
work (Fig. 7). A spot was chosen on the sea a 
short distance north of the river mouth, and the 
place was called Ostia, after the town which had 
been the centre of the port works of the river 
harbour. This harbour had two basins. The outer 
was formed by two artificial moles, each 1900ft. 
long and 180ft. wide. Both moles ran out almost 
at right angles from the shore for nearly half 
their length, and then curved inwards, leaving a 
space of 1100ft. between their extremities. Imme- 
diately in the centre, and between the extremities, 
was an isolated mole, 780ft. long by 400ft. wide, 
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leaving an entrance of 160ft. on either side. To 
form this mole the ship which had conveyed a 
huge obelisk from Alexandria to Rome for Caligula’s 
Circus was filled with concrete and sunk. Great 
concrete masses were then piled on the top of it 
until the mole reached the surface. A lighthouse 
after the model of the famous Pharos of Alexandria 
was built on this island mole. The circular part 
of the main northern breakwater was constructed 
upon arches in the hope that the current would 
prevent accumulations of sand. The southern 
breakwater was solid throughout, to prevent the 
entrance of drifting silt and sand from the mouth 





island mole 


Swain Sc 
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Fic. 7—OSTIA HARBOUR 


of the Tiber. The depth of water in the basin 
is unknown, but Sir John Rennie estimated that 
it would range from 15ft. to 20ft. at low water. 
The area was about 130 acres. At the upper end 
of this main basin was a smaller one 1200ft. long 
and 520ft. wide, covering an area of about 7 acres. 
It was separated from the main basin by an island 
mole similar to that in the main entrance. A 
very large portion of the harbour was dug from 
the mainland, and it is said that this involved 
the excavation of 80 million cubic feet of earth. 
In spite of the vast amount of money and care 
expended on this work the harbour was not a 





success. Tacitus reports that 200 ships were 
sunk in the harbour itself during a storm in A.D. 62. 
Trajan (4.D. 92-117) added an inner. basin, 
hexagonal in shape, with an area of about 70 
acres. Claudius had dug two canals, running 
parallel to each other, connecting the harbour 
with the sea and the Tiber. Trajan took 
up part of one of these canals in creating 
his new basin and he filled up the other. He 
then dug a fresh canal, which has since become 
the mouth of the Tiber, the river having deserted 
its old course. The harbour was well provided 
with quays, transit sheds, and store houses, 
some of which were finished, regardless of expense, 
with marble tiling. 

The Roman engineers were right when they 
advised against building this harbour. The 
forces of Nature were against it from the beginning, 
and to-day the remains of the great port of Ostia 
lie buried in sand a mile from the shore. The 
tendency must have begun to become obvious 
even in the reign of Trajan, for he took measures 
to provide a new harbour for Rome a little higher 
up the coast. The result was the harbour which, 
under its modern name of Civita Vecchia, is now 
the principal port of Rome. Centum Cellz, to 
give it the name by which it was then called, 
was planned and built on precisely the same 
principles as those employed at Ostia, except 
that in it the island mole overlapped the ends of 
the main breakwater, instead of lying between 
them. The harbour, as its name implies, was 
provided with 100 covered celle, or docks for 
warships. 

The Roman Empire was followed by a period 
of more than 1000 years of quiescence, or even 
retrograde action, in harbour engineering. I 
know of no great harbours, such as those which 
I have described, that were built during the dark 
periods of the Middle Ages. We have to wait 
till the great engineering revival that began 
about the middle of the eighteenth century 
before we find such ambitious schemes again 
attempted. 

It is, however, interesting to study the debt 
we owe to the ancients. The similarity of their 
treatment of problems to the methods of the 
modern engineer is, as I have tried to show, 
in many cases very remarkable. I have touched 
only the fringe of the subject, but that has been 
sufficient to convince me that it is one well worth 
deeper study and research. 








Failure of the Tacoma Bridge, U.S.A. 
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NLY in July last there was brought to comple- 
tion in the State of Washington a great sus- 
pension bridge, across the Tacoma Narrows of 
Puget Sound, intended to connect Tacoma with the 
Olympic Peninsula. This bridge, the site of which 
is shown in the accompanying map, had the third 
largest centre span in the world, 2800ft. long. On 
Thursday, November 7th, according to the non- 
technical accounts which are so far the only ones 
to reach this country, it ‘“ broke in half.” An 
exact technical account of the manner of failure 
will be awaited with interest, for the type of bridge 
concerned is one which the Americans have 
developed in a remarkable fashion in recent years, 
and of which there are many famous examples. 
So far, the only clue has been provided by the 
story of a venturesome reporter who “ when it was 
first seen to be cracking ” had the temerity to drive 
out upon the bridge in his car, and “ only escaped 
by crawling 500 yards, while the road bed was 
tipping to an angle of 45 deg.” There were no 
casualties, as no one else was on the bridge at the 
time. The following short description of the bridge 
is based in the main on an article by Clark H. 
Eldridge, which recently appeared in our American 
contemporary Civil Engineering, published by the 
American Society of Civil Engineers. The engrav- 
ings have been reproduced from the same source. 
The Tacoma Bridge had a length of 5000ft., 
made up of a central span of 2800ft. and two side 
spans of 1100ft. It carried a two-lane 26ft. road- 
way, flanked by a 4ft. 9in. footpath on each side, 
and had a maximum clearance above water level 
of 196ft. Work upon its construction was 
started on November 23rd, 1938, and the con- 
tract was awarded to a combination of firms, 
consisting of the Pacific Bridge Company, of San 
Francisco ; the General Construction Company, of 
Seattle ; and the Columbia Construction Company, 





of Bonneville. The steelwork of the superstructure 
was sub-contracted to the Bethlehem Steel Com- 
pany. Wire for the cables was supplied by John 
A. Roebling Sons Company. The bridge was 
designed and constructed under the general direc- 
tion of Lacey V. Murray, chief engineer to the 
Washington Toll Bridge Authority and Director 
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MAP OF PUGET SOUND AREA 


of Highways, advised and assisted by a consulting 
board. Clark H. Eldridge, bridge engineer of the 
Washington Toll Bridge Authority, was in direct 
charge of design and construction. There was 
therefore no lack of technical knowledge and ability 
amongst those responsible for the design of the 
bridge. 





At the site of the bridge the channel that was 
crossed is deep. In view of the fact that, owing to 
the limited funds available, the bridge was to carry 
only two lines of traffic and would therefore be 
narrow, it was considered desirable in the design 
stage to make the central span as short as was 
practicable. But it was also desirable that the 
piers should not be founded at too great a depth 
below the surface of the water, not only because 
the depth would introduce difficulties, but also 
because the tides in Puget Sound at the site of the 
bridge race along the channel at speeds up to 





ARTIST’S CONCEPT OF COMPLETED BRIDGE 


83 m.p.h. The actual depths below water at which 
the piers were founded are 175ft. and 224ft. for 
the West and East piers respectively. They were 
founded on sand and gravel. The methods used 
by the contractors to found and to build up the 
piers in such conditions at such a depth must have 
been of great interest, but we can only say here 
that the work was done by means of reinforced 
concrete bottom door caissons, 66ft. wide by 120ft. 
long, forming the bottoms of the piers, and that 
much of the concrete was tremie poured. In view 
of the conditions, a central span of 2800ft. was 














WEST TOWER 


chosen which gave a span to width ratio of 72. 
This figure was higher than had been adopted on 
any other bridge, and introduced in consequence 
a considerable degree of flexibility. A stiffening 
system, consisting of two 8ft. girders at 39ft. 
centres, together with a floor system of stringers 
and laterals, was therefore introduced into the 
deck design, and the influence of the concrete 
road slab, 5}in. thick, was also considered in the 
computations. The design of the main girders was 
controlled principally by the lateral forces. Their 
jin. plates were stiffened to ensure the participa- 
tion of the entire girder system in compression. 
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Lateral loading was taken as 30 lb. per square foot 
on 14 times the projected area and on the live load. 
It was calculated that under a strong wind the 
transverse movement at the centre of the span 
would reach a maximum of about 20ft. In fact, 
the bridge obviously did move by considerable 
amounts, for soon after it was opened it is said it 
developed a weaving motion always accentuated 
by the wind, which won for it the nickname 
* Galloping Gertie.” 

The towers that carried the cables rose to a 
height of 420ft. above the water. An accompany- 
ing engraving illustrates one of them under con- 
struction, and a drawing shows the cruciform cross 
section of each leg. They were made up of stiffened 
plates and angles, with bracing provided by four 
deep horizontal struts. The cables, at 39ft. centres, 
were anchored at each end into great blocks of 
concrete, 20,000 cubic yards in volume, founded, 
like the piers, on sand and gravel, 80ft. above a 
stratum of clay. Compared to other bridges, the 
cables were stiff, and they had a sag ratio of 


12 to 1. The cable saddles were all-welded struc- 
tures. Other matters of design interest that may 


be mentioned are the allowable stresses used in 
calculations. Concrete was permitted to carry 
compressive stress limited to 900Ib. per square 
inch, and steelwork and steel reinforcement was 
not stressed beyond 18,000 lb. per square inch. The 
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main piers were proportioned for fatigue loads of 
12 tons per square foot from combinations of dead 
load, live load, temperature, wind, tidal currents, 
and wave and ship impact. 

It is not, of course, possible at this stage to 
attempt to assign a reason for the failure of the 
bridge. It may be remarked, however, in relation 
to the very high span to width ratio that there has 
been a steady tendency in American suspension 
bridge design to increase this figure, while at the 
same time increasing the sag ratio of the main 
cables and decreasing rigidity in the stiffening 
trusses. This action has resulted in a transference 
of relative weight from the truss to the cables. 
The span to width ratio of the Tacoma Bridge 
at 72 may be contrasted with the comparable 
figure of 48 for the Golden Gate Bridge at San 
Francisco, itself at the time of its design consider- 
ably higher than that of any earlier bridge. In 
view of the lack of experience with such narrow 
bridges, it was considered desirable to study the 
probable behaviout of the Tacoma Bridge by 
means of a dynamic model, work which was 
carried out at the University of Washington while 
the bridge was actually under erection. It was 
expected the investigations would be completed 
before the completion of the superstructure, so that 
advantage could be taken of them in the final 
arrangements of the central span in “ damping out 
any set wave pattern.” Whether this investiga- 
tion was, in fact, completed and what were its 
conclusions, we are not at present aware. 

Bridge designers in this country will await with 
interest the outcome of any inquiry that may be 
held to discover the cause of the failure of the 
bridge. 





CaLciuM CaRBIDE IN DEMAND.—The expansion in the 
German synthetic rubber, artificial fibre, and numerous 
other industries has been accompanied by a pronounced 
increase in the demand for calcium carbide, and nearly the 
whole of the Norwegian output is stated to be going to 
the Reich. Official data are lacking, but it is estimated 
that as early as 1938 German carbide output had reached 
about a million metric tons, compared with the 600,000 
tons of 1934 and only 275,000 tons in 1929. Recently 
erected carbide furnaces in Germany are said to have a 
daily capacity of 150 tons, with an electricity consumption 
of 20,000 to 30,000 kilowatts. Lignite is the principal 
source of electric energy for the industry in the Rhineland 
and Central Germany. 





Foundations of the Electrical 
and Mechanical Transmission 
of Energy* 


By Prorressor W. M. THORNTON, O.B.E., D.Se., D.Eng. 
(Continued from page 303, November 8th) 


How ENeERGy Is UTILISED 


At the end of a line where power is utilised there 
must be a relaxation of the electric field in order that 
energy may be transferred. The argument for this 
is that the current is the same throughout the circuit. 
It is therefore not the magnetic field that, by its 
relaxation, enables energy to flow, but the electric 
field in the insulation. When and where this falls 
to zero energy ceases to flow. To take the simplest 
case of a generator supplying a motor (Fig. 7), 
the electric field is across the space between the 
positive and negative mains. In the positive main 
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the current flows from the generator to the motor, 
in the negative from the motor to the generator; 
but by Poynting’s rule the direction of flow of energy 
is towards the motor in both mains. The two energy 
streams are in parallel; one enters the positive 
terminal of the motor, the other the negative pole. 
They meet at the centre of the motor armature 
winding. Earthing the negative or positive terminal 
makes no difference to this flow. It only increases 
the risk of shock to the operative. The object of 
designing a motor to have a back E.M.F. nearly 
equal to the line voltage is merely to hold back the 
current at the highest voltage allowed on the insula- 
tion of the system. The current itself is caused by 
and proportional to the difference between the applied 
and back E.M.F. No useful energy enters the copper 
of the armature winding; all that does enter stays 
there, we repeat, as heat. The energy that drives 
the motor streams along the insulation of the winding 
and enters the insulation between the iron stampings 
of the armature core, passing out of it into the metal, 
partly to supply hysteresis or eddy current losses, 
and partly to supply the energy of strain of the inter- 
molecular field that is taken up by the molecular 
structure and handed on mechanically to the shaft. 
In addition to the resistance of an electric circuit 
which causes dissipation of energy as heat there are 
two physical factors connected with the circuit 
which entail the elastic storage of energy, and that 
are most important in high-voltage transmission 
systems. These are inductance and capacitance. 
The magnetic field associated with a current exists 
in the space around it. How does the energy required 
to establish the field get into that space? When 
the circuit is closed and the current begins to flow, 
the magnetism associated with it starts to grow in 
proportion to the current, and, as is well known, 
sets up in doing so a retarding electromotive force 
in the circuit, the ‘‘ back E.M.F. of self-induction.”’ 
This is along the wire opposite in direction to the 
current (Fig. 8). The magnetic field of the current 
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is at right angles to the wire and around it. The 
path of growth of magnetic energy, the Poynting 
flux, is therefore outwards into the space around the 
wire. When fully established in a circuit of inductance 
L carrying -a current 7 it has a value 41L7?, the 
so-called kinetic energy of the field. When the circuit 
is broken, the magnetic field collapses into the wire, 
again inducing in it an E.M.F., but now in the same 
direction as the current. This “extra voltage” 
enables the current to bridge the opening gap and 
is made visible in the flash at break. 

The last of the transmission circuit phenomena 
to be considered is the manner in which the insulation 
of a cable or a condenser acquires the electrostatic 
energy that it has when charged. When a condenser 
of capacitance C is connected to terminals carrying 
a voltage V, an electric field is established between 
the plates or metal surfaces and a displacement or 
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strain current flows for the extremely small interval 
of time that this requires (Fig. 9). Around this 
current is the usual magnetic field and the direction 
of the field is such that energy passes sideways 
into the space between the plates. When a cable 
is switched on to the bus-bars the energy of the 
charging current flashes sideways along the insulation, 
its wave front at right angles to the conductors, 
When the condenser or cable is discharged, the energy 
returns from the circuit in the reverse direction 
and again is made visible by the spark at break, 
whose energy is now $C V?. 


THREE-PHASE SYSTEMS 


There is no difference in principle between D.C. 
and A.C. transmission, for in the latter case both 
the electric and magnetic fields reverse together 
and the direction of the energy path does not change 
with that of the current. But if by reason of induct- 
ance or capacitance there is a difference of phase 9, 
between the voltage and current, the true power is 
Elcosg. Poynting saw this and included it in the 


most general form of his theorem p-tB COS 9. 
In single-phase transmission the flow of energy is 
not steady, but pulsating. In three phase, such as 
is used in ship propulsion, the total power is not 
pulsating, but constant. A three-phase transmission 
line carries a stream of energy that revolves in space 
at the frequency of the current, resembling an 
invisible and nearly rigid shaft. If the magnetic 
and electrostatic characteristics of the line balanced, 
it would be quite rigid. On the whole, electrical 
transmission of power along wires is simpler than 
that by mechanical means along shafts. 


TRANSMISSION THROUGH FREE SPACE 


Radio transmission plays a large part in modern 
life, and though the means by which it is done are 
highly technical and complicated the movement of 
energy in free space, once it has left the transmitter, 
is relatively simple. The great masts and aerials 
that we see are in effect condensers to which a very 
rapidly alternating voltage is applied. While a 
vertical antenna is being charged, in the millionth 
of a second, the current is moving upwards against 
the electric field that is piling up at the top, the 
direction of which is downwards. The magnetic 
field around the antenna is, at the time, right handed ; 
the energy flux is therefore away from it outwards 
into space. Every element of volume of space is, 
as it were, geared by an elastic coupling into the 
next, so that an upward electric displacement at 
any point is part of a left-handed circulation in 
an area to the left and of a right-handed circulation 
to the right of it (Fig. 10). The latter as it relaxes 
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FIGs. 10 AND 11 


induces a magnetic field opposite in direction to 
that in the former element, but by Poynting’s rule 
the energy of the disturbance still passes outwards. 
It does so in harmonic pulses at twice the frequency 
of the wave, of the order of a thousand tillion a 
second in the case of yellow light. The displace- 
ment current in a dielectric or in space is proportional 
not to the electric field as it is in the case of the 
current in a conductor, but to its rate of change, and 
therefore depends on the frequency. It is the quantity 
displaced that is proportional to the field. To consider 
this in further detail would require mathematical 
conceptions that are beyond our present purpose. 
Maxwell’s theory of electro-magnetic waves in space, 
which was from the first convincing, but considered 
to be difficult, had only two experimental facts to 
support it, though they were sufficient. These 
waves were first proved by direct experiment to 
be real by the work of Hertz. Marconi gave them 
practical shape, and a new era opened in which, if 
we except false radio propaganda, which defeats 
its own end, there have been few evil consequences 
such as have so unfortunately followed the invention 
of the petrol-driven engine and the aeroplane. 


COMBUSTION 


When we come to consider the movement of energy 
in mechanical systems of transmission we encounter 
first the release of energy that is known as combustion. 
When certain molecules, such as oxygen and 
hydrogen, combine, the change from the potential 
energy of attraction to kinetic energy is violent. 
Chemists speak of bonds of attraction between atoms 
in molecules. For a century these indications of 
potential energy have been represented by lines 
between the symbols of the elements. Sir William 
Ramsay, who was one of the first chemists to realise 
the electrical nature of atomic forces, sometimes 
replaced each of these lines by an e to denote that 
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they were electrical forces and that they might in 
fact denote the presence of an electron common to 
two combined atoms (Fig. 11). The process by which 
an electric field is established between molecules 
previously inert is either by ionisation, in which a 
molecule acquires a definite electrical polarity, or 
by activation—that is, the raising of the potential 
energy of an electron of one of the atoms in the 
molecule by the impact of radiation upon it. 

Before combustion begins there may be great 
numbers of inert molecules of oxygen and combustible 
gases mixed together, yet nothing may transpire. 
When the proportions of the mixture are suitable, 
the application to it of a spark or a flame activates 
electrically some of the molecules, they attract 
and begin to combine and flame spreads by self- 
ignition of the mixture. Not every spark will start 
combustion, nor does ignition depend on the heat 
energy of a spark ; but in the first place upon the 
intensity of the electric field across the gap of the 
spark and then on the activation of the molecules 
of gas by the radiation from it. That is why con- 
denser discharge sparks, which have a high radiation 
activity, are so effective in firing a gas. Imagine 
now two molecules, one of which is activated so 
that an electric field spreads out from it by which 
another molecule is attracted and for the argument 
assume the negatively charged molecule to be at 
rest (Fig. 12). As the positively charged one moves, 
under the influence of this attraction, it gains energy 
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FIGS. 12 AND 13 


from the electrostatic field in the surrounding space, 
which flows towards the moving charge at right angles 
to its path, giving it added kinetic energy. When 
they collide, all the added energy is kinetic ; at the 
moment the molecules began to attract one another 
it was all potential. The energy has been transferred 
from one form to the other. Following the initial 
cohesion, there is the rending of the bonds or electric 
fields within the molecules; new compounds are 
formed ending mostly in steam and carbon dioxide 
and the energy of collision and dissolution is set 
free. It takes three forms, of translation, that is 
made evident as the sensible heat and, in the case 
of internal combustion engines, of pressure; of 
atomic vibration, which gives rise to radiation, 
visible and invisible, that is the most important 
thing in modern boiler furnaces; and lastly, of 
rotation, the spin of two colliding skaters who link 
arms. The equi-partition of energy which, according 
to the kinetic theory of gases, there should be between 
these three forms in a steady state, is not instan- 
taneous. The influence of spin is to retard the 
growth of the translational or pressure term so that 
in gas engines there is always “lost pressure,’ the 
pressure observed is less than that calculated on the 
assumption that the energy set free is available 
instantly to raise the pressure of the products of 
combustion. 


STEAM AND PIsToNs 


How does the energy from the great mass of burning 
gas in the combustion chamber of a boiler enter the 
water system and generate steam? The transfer 
of kinetic energy from the molecules of a gas to a 
solid such as the metal of a boiler tube is a very 
difficult or inefficient physical process, the molecules 
rebound without parting with all their energy and 
there is the heat-insulating effect of the gas adhering 
to the surface. But until the temperature of the 
outer surface of a tube approaches that of the flame 
most of the energy that reaches it as radiation, as 
soon as it enters the iron, stays there. The manner 
of its absorption is full of interest. The radiation is, 
of course, electro-magnetic. When such a wave 
falls on a rough or dark metallic surface such as that 
of a boiler tube, the current in the wave front, which 
in free space is in quadrature with the electric field, 
turns into phase with it, and because of this its 
energy is at once all converted into heat. This passes 
by a sharp thermal gradient through the metal of 
the tube, the molecules of which vibrate so violently 
that they break up those of the water in contact 
with them, loosening their electric bonds and turning 
the water into steam. Molecules of steam are not 
hard inert particles, but minute aggregates of electric 
charges with resultant electric fields around them, 
which, when they collide, repel one another, and by 
the constraint of the boiler tubes and steam pipes 
maintain the pressure. Until there is a flow of steam 
along the pipes there is, of course, no energy trans- 
mitted. How, then, does it pass—on the electrical 
theory of matter ? We know that in such a gathering 
of steam molecules there are equal numbers of 
positive and negative charges. Let us separate 
these and consider what happens to each. Imagine 
all the steam to have a positive charge, from which 
the field is directed outwards. The electric field is 
then from the charge to the walls ; the movement of 





charge along the pipe is a current, with its charac- 
teristic magnetic field around it (Fig. 13). The energy 
flux is, by Poynting’s rule, and as we should expect, 
in the direction in which the steam is flowing. If 
the charge on the steam were negative, the electric 
field at the wall of the tube would be in the reverse 
direction, the magnetic field would also be reversed 
and the direction of the flow of energy the same as 
before. When, as in fact they are, the charges are 
mixed, both actions take place. It is the pressure 
on the walls of the steam pipe, which ultimately is 
an aggregate of electric fields, that determines 
the flow of energy along it. It is, as we know, not 
the pressure on the piston alone that determines the 
power developed, for without that on the walls it 
would not exist. Poynting’s law goes deeper and 
shows how the pressure on the walls contributes to 
the flow of energy. What happens when the steam 
enters a cylinder is clear from what has just been 
said about the pipe, for when a piston is placed in a 
pipe the electrical and magnetic conditions are 
unchanged. If the flow is guided through rotating 
blades, as in a turbine, there is no change of type, 
but when the shaft is reached the conditions are very 
different. 
SHAFTS 

How is it possible that energy can flow along a 
shaft by the application of forces which are at right 
angles to its axis ? For power to be transmitted by 
a shaft there must be shear, and thus all turns on 
what happens at a cross section. The molecular 
cohesion that gives tensile strength and elasticity 
to the metal is, as we have seen, an electrical attrac- 
tion or interlock of countless millions of molecular 
electrical fields. Consider this attraction to be 
represented by a positive charge on the driving side 
of the section and a negative charge on the driven 
side (Fig. 14). Since there is shear, they are displaced 
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with reference to the axis so that there is an electric 
field E between them with two components, one 
along the axis, the other at right angles to it opposite 
to the direction of rotation. Next consider the 
movement of the charges as the shaft revolves. 
Around each there is a magnetic field, the resultant 
of which is in the plane of the section at right angles 
to and towards the axis. It will be seen that the 
direction of energy flow, at right angles to both of 
these, is along the shaft, from the driving to the 
driven side, and it is the same if the signs of the 
charges are reversed. 

What happens when the energy gets to the end 
of the shaft, to the propeller ? There is the rotational 
thrust on the blades that is transferred to the shaft 
and so to the thrust block. The shaft between them 
is compressed, the elemental charges at a section are 
forced together, and the ship moves forwards to 
escape this stress of compression that is continually 
relaxed and is as constantly renewed by the effort 
of the engines. Energy moves from the engine down 
the shaft to the propeller in one mode, by torsional 
strain, and returns up the shaft to the ship in another, 
by longitudinal compression, to overcome skin 
friction and to provide for the wave formation of 
the ship in motion. 

Let us end with some simple illustrations, remem- 
bering that every mechanical force is on the electric 
theory of matter essentially an electrical attraction 
or repulsion. How does energy flow in a belt driving 
a shaft ? It travels from where the elastic strain 
of the belt is greatest to where it is least—that is, 
from where the belt leaves the driven pulley on the 
tight side to where it makes contact with it. In other 
words, it travels in the opposite direction to the 
movement of the belt. The electric field by which 
energy enters the driven pulley is that between the 
molecules of the belt and those of the surface of the 
pulley, which, because of the frictional drag, is 
inclined to the surface. There is a component elec- 
trical field parallel to the interface, as in all frictional 
problems (Fig. 15). The magnetic field due to the 
motion is across the surface and the energy flux is 
from the belt to the pulley. It is transmitted by 
the strain of the frame of the latter to the shaft. 
When a horse draws a cart forwards the work to be 
done flows backwards from the horse to the cart, 
again in the opposite direction to the motion. But 
when a man pushes a handcart he compresses the 
handles and by a continual attempt to escape this 
strain the cart moves forwards. Again, as always, 
the direction of energy flow is towards the point at 
which strain is relaxed. 

To carry the general argument to its logical end, 
matter, because of the work done in forming its 
atoms, is the embodiment of energy. What will 
happen in the end of time to the material universe ? 





Before the coming of the electrical theory of matter 
the highest flight of scientific imagination was to 
conceive a dead universe of cold worlds; but now 
we know that all that is necessary to bring it to an end, 
to uncreate it, is that the equal numbers of positive 
and negative charges that make up its atoms must 
be made to cancel one another out, and then, as 
Shakespeare’s Prospero says in “The Tempest,” 
at the end of the wonders he had called up : 
“Tho cloud-capped towers, the gorgeous palaces, 

The solemn temples, the great globe itself, 

Yea, all which it inherit, shall dissolve 

And, like this insubstantial pageant faded, 

Leave not a rack behind.” 


But the Energy that formed the universe will still 
remain, eternal and unchanged. 








Pendulum Hardness Testing 
Machine* 


A NEw design of pendulum indentation hardness 
testing machine, described by H. Cornelius and W. 
Trossen, in Stahl und Eisen, enables the hardness of 
metals to be measured at elevated temperatures. 
Arrangements are provided allowing the specimen 
under test to remain in the heater while the hardness 
is being measured. This permits a series of measure- 
ments to be made in quick succession and at various 
temperatures ; at the same time it avoids the dis- 
turbing drop in temperature obtained on removing 
the samples between individual measurements. 

The general design of the apparatus may be 
gathered from Fig. 1, which shows the sample clamp 
and the heater incorporated in one unit. Indenta- 
tions are produced by means of a ball of a hard metal 
alloy, 5 mm. in diameter, which allows measurements 
on materials retaining a high coefficient of hardness 
at high temperatures, such as stellite. The pendulum 
hardness of metals with a Brinell value below 100 units 
is, however, measured with a ball of 10 mm. diameter. 
A double swing by the pendulum is avoided by a stop 
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FIG. 1—-ARRANGEMENT OF HARDNESS TESTER 


which arrests the pendulum after making the first 
indentation. 

The holder securing the sample under test is made 
of a heat-resisting alloy, completely scale resisting 
up to 2012 deg. Fah. It rests against a heavy water- 
cooled block. The rear surface of a sample is placed 
against this block, while the front machined end rests 
on the holder proper. The furnace is pushed over the 
holder in a horizontal direction, being mounted on 
rollers, and the assembly of block with sample holder 
and furnace can be displaced in the plane perpen- 
dicular to Fig. 1 by a hand-operated screw gear, the 
displacement being indicated on a scale. The tempera- 
ture of the sample is measured by means of a thermo- 
couple consisting of a solid double-bore cylinder, the 
bare junction being placed in contact with a machined 
spot on the sample. 

When hardness measurements at elevated tempera- 
tures are made, the furnace is drawn back just 
sufficient for the ball to strike against the sample, 
but without the pendulum coming in contact with the 
furnace body. During the time indentation is being 
made, the sample thus remains in the forepart of the 
furnace, the latter being returned to its initial position 
wholly to enclose the sample immediately after the 
pendulum has made impact. The whole operation of 
indentation takes only a few seconds. To obtain a 
second indentation in the same sample, the block 
assembly with the furnace, &c., is displaced slightly 
sideways across the pendulum. 

The pendulum hardness can be expressed in the 
usual way by the energy of impact in millimetre- 
kilogrammes divided by the volume of the indenta- 
tion in cubic millimetres, but this has the disad- 
vantage that the unit of measurement is less well 
known than the more common Brinell and Vickers 
hardness values. Calibration curves were therefore 
plotted which enable the experimental values given 





* Reprinted from The Iron Age. 
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by this apparatus to be converted to Brinell and 
Vickers values. The curve applies to room tempera- 
ture and was plotted from measurements on copper, 
brass, alloys in the Al-Cu-Mg series, Al-Mg mild 
steel, Fe-Cu alloy with 1-5 per cent. Cu, structural 
steels St 37-11, St C 60-61, and V C Mo 125 in the 
annealed states, Ni-Cr-Mo steel annealed to different 
hardness values, austenitic Ni-Cr steel and welded-on 
plates of stellite. The results obtained with cold 
rolled samples do not conform with the calibration 





curve plotted in respect of non-cold-rolled samples. 
The temperature function of the pendulum hardness 
for different materials is reproduced in Fig. 2. It 
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FIG. 2—TEMPERATURE FUNCTION OF TESTER 


may be recalled that, while the samples are being 
raised to the temperatures of measurement, copper 
begins to be precipitated and the hardness increases 
as a result. The shape of the hardness isotherms is 
similar to that obtained after annealing and measur- 
ing the Brinell hardness at room temperature. 








A Works Air Raid Shelter 





WE recently had an opportunity of inspecting the 
progressive steps in air raid protection carried out 
over the last few months by the Morse Chain Com- 
pany, Ltd., at its works at Letchworth. The factory 
was built some thirty years ago and it has consider- 
able cellarage underneath the main shops. At first 
this cellar accommodation was fitted out to accom- 
modate, in an emergency, all the workers in two 
adjacent cellars, covering, roughly, 720 square feet. 
The entrances and exits to these cellars are below 
street level and thus were considered to afford 
reasonable protection. It transpired, however, that 
a large number of the men employees, many of whom 








example of up-to-date provision for firms employing 
a reasonable number of hands of each sex. The 
accompanying engraving is reproduced from a photo- 
graph and shows this shelter from the south-east. 
It will be noted that it has been built on to the 
existing main factory, and in the colour scheme of the 
factory, as well as that of the built-on shelter, the 
recommendations. of the Ministry have also been 
borne in mind, in that it is, in the main, grey-green 
(camouflage distemper No. 7), the wood and ironwork 
being in brown colours. The door on the left leads 
from the main machine floor on to the roof of the 
shelter, and the steps lead down to one of the 
entrances. The shelter has floor, raft and steps made 
of 1:8 cement concrete on a damp-proof course of 
slates in cement. The walls are generally 12in. thick, of 
Fletton bricks in cement, and the roof of reinforced 





1:7 cement concrete, protected by a waterproofed 
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The Boeing B.17 and Douglas B.19 
Bombers 


REcENT reports of new American bombers, either 
ordered by Britain or for the United States Air 
Services, stress their size as an outstanding point. 

One type of big American bomber is the Boeing 
B.17, sometimes called the ‘“‘ Flying Fortress.” 
Actually, as big four-motored aircraft go,-it is not 
unusually large. Its general dimensions and range 
correspond to those of Britain’s 20-ton, four-engined 
flying boat, the Short ‘‘ Sunderland.” Its wing span 
of 105ft. is 8ft. less than that of the ‘‘ Sunderland,” 
and some 18ft. less than the span of the Armstrong- 
Whitworth “‘ Ensign,”’ Britain’s biggest civil air liner, 
also a four-motored aircraft. As first produced some 
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ARRANGEMENT OF 


cement screed laid to falls. The entrance and 
emergency exit doors are well screened and are of a 
heavy wood type. Heavy wood benches provide 
seating accommodation. They have, as they should 
have, a back rest, since it is undesirable to rest the 
spine against a solid wall in shelters. 

The dimensioned plan shows the design of 
the shelter. It follows the new labyrinth pattern, 
which renders each section reasonably blast-proof. 
The roof consists of a solid reinforced concrete con- 
struction with a minimum thickness of 8in. It is 
reinforced to bear a possible débris load from the 
adjoining higher building. Spaces A and B are the 
men’s quarters and space C the women’s quarters. 
Each has separate lavatory accommodation of the 
chemical closet type, independently ventilated. The 
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WorRKS AIR RAID SHELTER 


are veterans of the Great War, had a distinct pre- 
ference for dugouts resembling the protection for- 
merly afforded them in the trench system in France 
and Flanders. To meet this predilection the com- 
pany placed at the men’s disposal adequate ground 
at the back of the factory, where trenches were dug 
roughly in a semi-circle, with entrances at each end, 
an exit being provided in a line at right angles to the 
diameter of the semi-circle. Cement steps led into 
these trenches and the latter were covered with earth 
and camouflaged so as virtually to represent the 
Army trenches of the last war. 

With the increase in the risk of enemy raiding 
attacks on Letchworth, however, it became clear to 
the management that further protection, in accord- 
ance with the then latest recommendations of the 
Ministry of Home Security, should be made, and it is 
the purpose of this article briefly to describe the 
latest shelter, in that it represents an excellent 


whole of the shelter is electrically lighted and will be 
electrically warmed, with ample natural ventilation 
through ventilator cowls in the roof. The floor cover- 
ing consists of cocoanut matting. A recent test alarm 
showed that the whole of the staff and workpeople 
could reach this shelter within sixty-five seconds. The 
original cellarage now accommodates the air raid 
staff, consisting of the wardens, first-aid party, fire 
fighters and decontamination squad. It also houses 
the prescribed medical first-aid equipment, picks and 
shovels, stretchers, clothing for fire fighters and the 
decontamination squad. The whole of the work was 
carried out by the local firm of Openshaw and Co., 
under the advice of its consulting architect, Mr. 
Robert B. Hall, A.R.I.B.A. These new shelters, 
from the very nature of their construction, it is 
interesting to know, will in normal peaceful times, 
when the war is over, provide excellent store 





accommodation. 
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AlR RAID SHELTER 


few years ago, the original ‘‘ Flying Fortress’ had 
four 1000 H.P. Wright ‘“‘ Cyclone”? motors, which 
gave it a maximum speed of about 250 m.p.h. The 
effective range claimed was around 3000 miles—say, 
from London to Tripoli and back—and the service 
ceiling just under 6 miles. Bomb load is a variable 
factor, dependent, among other things, on the amount 
of fuel carried, but it is safe to assume that the B.17 
could carry 4 to 5 tons of bombs and ammunition on a 
round trip of 2000 miles. A feature of the design, 
which gave the B.17 the name of “ Flying Fortress,”’ 
is the number of protective gun positions. Four of 
these were originally provided in “ blisters ” on the 
outside of the fuselage, but later examples show gun 
turrets, similar to the British practice. Even so, the 
total gun power is not likely to approach that 
possessed by the latest versions of Britain’s famous 
bombers, such as the turreted ‘‘ Wellington.” An 
improved “‘ Flying Fortress,” produced just before the 
war, had a cleaned-up external design and a special 
super-charging system for giving greater engine power 
at heights above 20,000ft. The resulting performance 
figures were not made known, but it may be assumed 
that the maximum speed of 250 m.p.h. has been 
improved upon. 

A new bomber now being built in America is in a 
different category, and, so far as is known, really is 
the “ world’s largest.’ This is the Douglas B.19, a 
60-ton machine with a wing span of 210ft., three times 
that of the Handley-Page ‘“* Hampden.”’ Four Wright 
** Duplex Cyclone”? motors, each of 1700 H.P., are 
calculated to give this new Douglas bomber a speed 
of “ over 200 m.p.h.”” The estimated range is 6000 
miles, roughly the distance from New York to South- 
ampton and back. A “ useful load ”’ of 28 tons is 
reported to becarried, includingabout 18tonsof bombs. 
Such a bomb load represents about as much as could be 
carried, for a much shorter distance, by six entire 
squadrons of Me.109 fighter bombers. The landing 
gear is of the three-wheel or “‘tricycle”’ type. A 
feature of the design is the provision of heated and 
air-conditioned cabins and sleeping quarters for the 
crew of ten. Sound-proofing, a practice usually 
associated only with modern civil air liner construc- 
tion, but important from the point of view of flying 
fatigue, has also been provided in the radio operator’s 
and navigator’s compartments. 
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SwepisH PLANT FoR CLEANING Cotton WastTE.—Old 
used cotton waste is generally regarded as having no 
value, and most of it is burned or thrown away. In times 
like these it has, however, proved to be a valuable product, 
which can be used again and also supply valuable oil. 
That this is the case is emphasised from reports from a 
new Swedish plant for the cleaning of cotton waste on an 
industrial scale. This plant purifies a considerable quan- 
tity of waste obtained from various Swedish industries, 
traffic undertakings, &c. Through centrifuging in a 
special apparatus all oil and moisture are removed. The 
oil quantit.es recovered generally constitute about 30-35 
per cent. of the weight of the waste. This oil is then 
purified by means of chemical and mechanical methods 
and is stated to be usable for various p ses. The waste 
is washed and carded and is declared to be just as good as 





new after treatment. 
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Centrifugal Quenching Machine 





From the Broadway Engineering Company, Ltd., 
of Carlisle Road, Hendon, London, N.W.9, we have 
received some particulars of a centrifugal quenching 
machine made by their principals the Hannifin 
Manufacturing Company, of Chicago. The machine 
is designed for quenching circular parts such as gear 
wheels, discs, flat cams, rings, and bearing races. 
It is pointed out that while heat treatment can be 
carried out with the temperature and other conditions 
under close control, the subsequent quenching 
operation as commonly effected is virtually uncon- 
trolled. Merely to plunge the heated part into a body 
of cooling fluid is bound to result in one part of the 
body being quenched before another part, and there- 
fore to encourage distortion. If, for instance, a 
gear wheel is quenched by plunging it into the cooling 
fluid with its face parallel with the surface of the 
fluid, the lower surface will be chilled first, with the 
result that the wheel, while retaining its roundness, 
will in all probability not be flat, but will be distorted 
saucer-wise. If, on the other hand, the wheel is 
plunged edgewise into the fluid, it will remain reason- 
ably flat, but as the circumference does not get 
uniform treatment the wheel is unlikely to preserve 
its roundness. 

A combination of these two methods is clearly 
indicated as being desirable. In such a combination 
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IN QUENCHING 


SEQUENCE OF OPERATIONS 


the quenching medium would be applied uniformly 
and simultaneously to the whole circumference 
and progressively from the circumference towards 
the centre. The part would contract, but its con- 
traction would be uniform and it would remain both 
round and flat. 

The accompanying diagrams illustrate the manner 
in which this plan is carried out in the Hannifin 
machine. The heated part is placed on the lower 
fixture of the machine, which, together with the 
upper fixture, is designed to suit the requirements 
of the part being quenched. The holding fixtures 
then automatically close and in doing so apply a 
straightening effect to the heated part. A circular 
quenching chamber surrounding the upper fixture 
descends with it, and when closure is complete this 
chamber, together with the fixtures and the part 
to be quenched, are rotated by a motor drive. 
Quenching oil at a controlled temperature is then 
introduced at a controlled rate into the chamber. 
At first the oil, under the action of centrifugal force, 
banks up round the internal periphery of the chamber ; 
but as its volume is increased the oil annulus thickens 
and as a result the heated part is quenched uniformly 
from the circumference inwards. The extent to which 
the annulus thickness grows is governed by outflow 
pipes which may be so arranged as to prevent the 
quenching of the wheel boss, thereby leaving it in the 
unhardened condition. The outflow of the oil is 
replaced by the inflow of fresh oil with the result that 
uniformity of quenching temperature can be achieved. 

The whole process, except for the loading and 
unloading of the work, is controlled automatically. 
For a typical gear wheel the complete cycle occupies 
about forty to sixty seconds as compared with four 
to five minutes with previously used methods. 
It is claimed for the machine that it permits control 
to be exercised over the time of the quenching 
operation, the volume of the quenching medium, and 


The prices quoted herein relate to bulk quantities. 
are delivered f.o.t. 


Steel Export Prices Advanced 


Although there has been no official announcement 
steel makers have advanced their export prices rather 
sharply following the publication of the Control of Iron 
and Steel (No. 13) Order. This increased the home prices 
of practically the full range of iron and steel products. 
Plates fin. basis are now £16 2s. 6d.; angles, £15 10s.; 
joists, £15 10s.; rounds, over 3in., £16 10s.; tees, £16 10s.; 
chequer plates, £18 2s. 6d.; boiler plates, £17 12s. 6d.; 
and small bars, under 3in., £20, all f.o.b. There has also 
been an increase in the price of sheets, bri 
galvanised corrugated, 24 g. basis, to £25 12s. 6d., and 
black sheets, 24 g. basis, to £22 5s. f.o.b. Although this 
movement was not unexpected, merchants with overseas 
connections are rather apprehensive as to the effect of 
the increase upon export business and say that in certain 
cases it has raised the British above the American price. 
In some overseas markets the reaction has been definitely 
unfavourable, and offers of steel have brought a laconic 
reply by cable to the effect that the buyers were not 
interested in British steel. The attitude of the authorities 
towards exports of steel from this country, however, 
would appear to be that it is better for the material to 
be sold overseas in the more highly finished and expensive 
form, such as locomotives, machinery, &c., rather than 
simply as iron and steel. It is interesting to note that after 
a year of war the increase in prices is not greatly dissimilar 
to the upward movement during the first year of the 
last war, although prices are at a higher level now since 
they were dearer when the present war started than in 
1914, 


The Pig Iron Market 


The recent sharp advance in the prices of iron 
and steel, including pig iron, has not affected the latter 
market in any way. There is still a strong demand which 
can only be met by the careful supervision and distribution 
by the Control. Licences are carefully scrutinised and 
only applications for iron required for work of national 
importance have much chance of being passed. Generally 
speaking, the foundry iron situation’is satisfactory, and 
the scarcity of hematite and low-phosphoric foundry 
iron which was noticeable a few weeks ago has been 
overcome by imports. These arrivals have been dis- 
tributed in the directions in which the pig iron was most 
urgently needed and little is now heard of any firms being 
unable to secure their full requirements. The machine 
tool makers, heavy engineers, and motor vehicle manu- 
facturers are well employed and are taking up good 
quantities of pig iron. The demand for high-phosphoric 
iron, whilst below normal, has improved of late, but the 
light castings makers, the principal users of this descrip- 
tion, are still working at below capacity, and this is 
reflected in the demand. In some cases consumers have 
been able to lay in a small reserve against a possible 
interruption during the winter months, although this 
practice is rather frowned upon by the authorities. There 
has been strong pressure on the part of consumers to obtain 
supplies of hematite, and it is reported that the whole 
of the present output is passing into consumption. The 
new prices of hematite, ranging from £6 14s. for Welsh 
hematite, local delivery, to £7 10s. d/d Birmingham, have 
passed almost unnoticed, and consumers are far more 
concerned with deliveries than with prices, since so much 
of the output is required for Government work. Although 
the export price of hematite is maintained at £6 5s. f.o.b., 
so little business of this description is passing that the 
quotation may be regarded as being purely nominal. 


Scotland and the North 


Busy conditions prevail in the Scottish steel 
industry, much of which is employed at capacity. General 
satisfaction is expressed at the maintenance of regular 
supplies of raw materials and in a number of cases it has 
been possible to accumulate reserves against possible 
winter interruptions. Most of the output of steel from the 
Scottish works is on Government account and for home 
requirements, and little can be spared either for non- 
essential work or for export. All the heavy steel works 
have enough orders on their books to keep them fully 
employed for months. There has been a noticeable increase 
in the demand for alloy and special steels required by firms 
engaged upon armament work, whilst the needs of the 
shipyards and the constructional engineers take up a big 
tonnage of bars, joists and angles. Lately there has been 
a particularly active request for bars, both of large and 
small diameters. The activity at the shipyards on naval 
and mercantile orders is also reflected in active conditions 
at the marine engineering shops, which continue to take 
up big quantities of steel. The rivet, bolt and nut makers 
also are kept busy and their bar requirements are on a 
heavy scale. Active conditions also rule at the Scottish 
tube works. The order which was obtained recently for 
seventy-three duplicate locomotive boilers for South 
Africa will require a substantial tonnage of steel and wil! 
keep several firms well occupied for some time. In the 
Lancashire district some slackening in activity is reported 
in one or two departments. The constructional engineers 
are less busy than was the case a few weeks ago, and some 
of the foundries have also reported quieter conditions. 
Probably any slackness in the situation is due to many 
large Government contracts having been worked off and 
less new work having come along to replace them. 


The Midlands and South Wales 


With a large percentage of the consuming 
industries in the Midlands employed upon war work, 
the demands upon the steel works show no signs of 
diminishing. The pressure of consumers to secure delivery 
is increasing ; but whilst there has been some delay in 
this respect in certain directions distribution is well 
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full supplies reaching the war industries. There is still 
@ heavy demand for joists and sections, and the con- 
structional engineers continue to take large tonnages. 
Although this branch of the consuming trade is under- 
stood to be less busy than formerly, there is little relaxa- 
tion noticeable in the pressure. Heavy tonnages of 
plates, also, are being called for by the shipyards; and 
the boilermakers and tank makers are absorbing big 
supplies. There is also a growing demand for shell steel 
and the engineering industries require large quantities 
of special steels. The position of the re-rolling industry 
as regards supplies of raw materials is better than for 
some months, and good tonnages of billets and sheet 
bars are being received. With the steady arrival of 
supplies from the United States and other countries it 
is thought that there is little likelihood of @ scarcity 
again developing in this department. The arrears in 
deliveries have been largely overtaken and the production 
of small bars, angles, and strip is now of considerable 
proportions. The sheet makers are being pressed by 
consumers, the demand arising principally from the needs 
of the Service departments. After war requirements 
are met attention is paid to the export trade, and little 
surplus remains for what are regarded as the nor-essential 
needs of home consumers. In South Wales the steel works 
are operating at capacity, but even so production is barely 
sufficient to meet the heavy needs of consumers. There 
is a strong demand for sheet and tin-plate bars for the 
tin-plate industry, but deliveries are sometimes difficult 
to arrange owing to the other more urgent needs for steel. 
In spite of the slackening in the overseas demand, how- 
ever, the tin-plate works are fully employed and have 
enough work in hand to keep them busy for a long time. 


Copper and Tin 


There has been no change in the copper position 
in Great Britain. Although consumption is maintained at 
a high rate, supplies reach the consuming works with 
regularity, and in sufficient tonnage to meet their require- 
ments. Rather quieter conditions have developed in the 
United States market following the Presidential election, 
and consumers appear to have abandoned their rather 
panicky efforts to cover their uirements. This may 
be due to the belief that the Government will continue its 
policy of ensuring that the armament firms in America 
receive all the metal they need. It is evident, however, 
that the heavy requirements of the latter will throw a 
considerable strain on the copper industry in the United 
States, and, if necessary, there is little doubt that the 
American Government will arrange for foreign imports, 
possibly with a temporary remission of the import duty. 
It is possible also that the consumers in the United States 
are reassured by the return of the Roosevelt Government 
that any tendency on the part of producers to raise their 
prices unduly would be checked. The American quota- 
tion is 12 c. d/d to domestic consumers, whilst the export 
price remains at 10 c. It is not easy, however, to obtain 
substantial quantities for overseas destinations. Japan 
has been in the market, but the Japanese do not find it 
easy to cover their requirements. Russia also has been 
inquiring for copper, but although the Americans are 
prepared to sell a certain amount, they do not apparently 
obtain the full quantity needed. The American producers 
will no doubt meet the British Government’s requirements, 
and in the case cf semis and manufactured products may 
use copper in bond for this purpose. ... After a temporary 
improvement, prices in the tin market have receded, 
although it is not anticipated that any important decline 
will take place. A factor in maintaining the price here is 
that should it fall, America might be expected to buy 
considerable quantities at around the 50 ¢. level. Export 
licences are now easily obtainable, but the amount of 
business transacted with American buyers has been com- 
paratively small. It does not seem likely that the efforts 
on the part of the London Metal Exchange to get tin 
included in the war risks insurance scheme will be success- 
ful, and whilst the proposal will receive sympathetic con- 
sideration, it is probable that any action will be postponed 
until a general scheme for the ‘insurance of property has 
been adopted by the Government. 


Lead and Spelter 


Supplies of lead for British consumers appear to 
be on a liberal scale, and firms engaged upon war contracts 
find no difficulty in obtaining all they require. The con- 
suming industries are busy, particularly the battery and 
cable makers. In the United States firm conditions rule, 
and the price of lead has been raised to 5.65 c., New York. 
The producers are in a comfortable position, and are 
reported to have a large tonnage of unfilled orders on their 
books, sufficient, in fact, to keep them busy for some 
months. Consumers in the United States continue to buy 
with freedom, although there has been some decline in 
the demand following the Presidential election. The 
demand arising from the American rearmament programme 
is strong, and is likely to increase as time goes on. Appa- 
rently, however, there is less apprehension amongst con- 
sumers that they will be unable to obtain their full 
requirements, and as a result there is not so much pressure 
to place forward contracts.... The spelter position in 
Great Britain is tighter than in the case of lead, but it 
would seem that in most countries there is a certain 
stringency in supplies. In the United States the tightness 
is noticeable, and the price is now 7.25 c., East St. Louis. 

There is an active demand in that country, much of which 
is due to rearmament plans, but there is also a substantial 
request for metal for ordinary commercial purposes. It 
is interesting to note that spelter is the one metal with 
which Germany would appear to be well supplied, partly 
owing to the over-running of neighbouring countries. It 
is suggested that Germany may attempt to obtain foreign 
exchange by selling surplus spelter to surrounding coun- 
tries, but so far there has been nothing heard of such 





maintained and great efforts are being made to ensure 





an attempt. 
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Rail and Road 


PENNSYLVANIA TURNPIKE.—Without ceremony, the 
Pennsylvania Turnpike was opened to public use at one 
minute past midnight on September 30th. Tolls for 
passenger cars have been set at 1.50 dollars for the 160-mile 
express highway between Irwin, near Pittsburg, and 
Middlesex, near Harrisburg. Lorry tolls range from 3.00 
to 10.00 dollars, depending on the weight and type of 
vehicle. 

LocoMOTIVE ORDERS IN AMEPICA.—In a single recent 
issue of Railway Age it was announced that the Chesapeake 
and Ohio has ordered ten “‘ Mallet ” type locomotives of the 
2-6—6—6 type from the Lima Locomotive Works, and the 
Southern five 1000 H.P., 125-ton, and three 600 H.P., 
100-ton diesel-electric shunters from the Electro-Motive 
Corporation and two 600 H.P., 100-ton, diesel-electric 
shunters from the American Locomotive Company. In 
addition, no fewer than 7300 freight cars were ordered by 
six companies, and 41,000 tons of rails for two systems. 


BRIDGING THE HOLE IN THE Roap.—A temporary 
bridge, the first of its kind, is being erected to span a large 
crater in one of London’s thoroughfares. The work is 
already in hand, and when the bridge is completed it is 
intended that it shall carry two single lines of traffic 
over the crater while still permitting utility services 
repairs to be continued. Each “ carriageway ”’ will be 
about 60ft. long and 10ft. wide, and a footway for pedes- 
trians will be made on either side. The bridge is being con- 
structed with steel stanchions and timber facings and tops. 


PRODUCER VEHICLES.—The Secretary fer Mines, Mr. 
David Grenfell, recently stated in Parliament that there 
were Only a few hundred vehicles working on producer gas, 
but the Government had now given consent or agreement 
to the production of over 10,000 vehicles. Meantime 
manufacturers of producer gas plants have received a 
circular from the Mines Department asking for details of 
their production capacity. The Department wishes to 
know also how many completed sets the makers have in 
stock and how many in an advanced state of manufacture. 


RaiLway ENGINEERING IN A UNIVERSITY.—The Uni- 
versity of Illinois has abolished its Railway Engineering 
Department, and is distributing among other departments 
more than twenty-five courses heretofore offered in railway 
engineering. This brings to a close a department organised 
in 1906 and claimed then to be the first distinctly railway 
engineering department in a university. In the thirty- 
three years 287 men have been graduated, many of whom 
have gone into railway service. Two new survey courses 
are now to be added to acquaint students with all that 
pertains to transportation. 


REPAIRING Lonpon.—More than 1800 skilled dock 
workers and railway men, members of a Royal Engineers 
unit, equipped with technical and practical knowledge, are 
now employed removing débris and repairing pipe lines in 
London thoroughfares. Among the men are fitters and 
turners, plumbers, welders, and blacksmiths, so when a 
pipe line is broken they do not send for a breakdown gang, 
but do the job themselves on the spot. They are also 
skilled in the work of sorting débris—salvaging bricks to be 
used in the erection of air raid shelters, and also material 
suitable for the making of concrete used in R.A.F. 
runways. 


Air and Water 


AN ORDER FOR MINESWEEPERS.—It has been reported 
in. Ottawa that an additional six steam-driven mine- 
sweepers are to be built by Canadian-Vickers, Ltd., 
Montreal, at a cost of about 600,000 dollars each. 


THe Parsons Lecture.—The North-East Coast 
Institution of Engineers and Shipbuilders announces that 
the subject of the Parsons memorial lecture by Sir Stephen 
J. Pigott on December 17th will be “The Engining of 
Highly Powered Ships.” 

Suez CanaL Dvues.—The Suez Canal Company has 
formally announced to the Egyptian Finance Ministry its 
intention to raise the dues on loaded ships to 8s. per ton 
as from January Ist, 1941, when the rate for ve:sels in 
ballast will be 4s. per ton. 

TRANSPORTING A FLUME.—A steel pipe, 54in. in diameter, 
part of the intake works to supply Lake Michigan water 
for Grand Rapids, Mich., had to be floated to its site 
in 120ft. lengths. The pipe was transported to Holland, 
Mich., in 20ft. lengths, where six of them were joined 
before being rolled into the water. With the ends 
bulkheaded tugs towed them into the lake. 


IRRIGATION PLANS FoR InpD1A.—Irrigation schemes are 
being developed by the Government of Mysore. The 
Mandagere north channel scheme is well advanced and is 
estimated to cost Rs. 5,71,000 to irrigate 3000 acres. The 
Kanva project, expected to cost Rs. 15,75,000, is designed 
to irrigate 5000 acres. There have been serious shortages 
of rainfall in several areas in the Shimoga, Kumsi, Honnali, 
Sorab and Shikarpur Taluks. 


Soviet Civiz AviaTion.—Civil aviation in the Soviet 
Union was instituted seventeen years ago. To-day the 
aggregate length of the Soviet air lines is 88,235 miles, 
having been increased by 4350 miles during the past 
year. In 1939 the Soviet air services transported more 
than 307,000 passengers, 11,517 tons of mail, and 39,654 
tons of freight. In July, 1940, alone, over 40,000 passen- 
gers were transported by Soviet civil aviation planes. 


Tue U.S.A. Coasteuarp.—In celebration of the 150th 
anniversary of the foundation of the American Coastguard 
Service, a well-illustrated booklet has just been issued. 
Practically all the cutters of this service are armed, and the 
larger ones are equipped for ocean towing. Since 1916 there 
has been an air section with ten stations; the aircraft 
include long-range twin-engine patrol seaplanes, inter- 
mediate-range twin-engine amphibians, inshore patrol 
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single-engine aeroplanes, and several aeroplanes of special 
types. Over 500 fully attended lighthouses mark the 
Atlantic and Pacific coasts of Continental United States, 
the United States waters of the Great Lakes and the 
waters of Porto Rico and adjacent United States islands, 
Alaska and the Hawaiian islands. 


FERRO-CONCRETE Dock FOR MurMANsK.—A ferro- 
concrete floating dock of 4000 tons capacity is being con- 
structed for service at Murmansk. The Soviet Ferro- 
concrete Shipbuilding Trust, which is building the dock, is 
also constructing a ferro-concrete floating pumping 
station, to be used for irrigating arable land along the 
Volga. The pumping station will, it is said, be able to 
supply 1} million cubic feet of water per hour. 

Pratt AND WuitNey ExtTenps.—The Pratt and 
Whitney aero-engine factory at Hertford, Connecticut, is 
having two large buildings added to it which will cover 
400,000 square feet of floor area. The additions, which 
have been financed by British capital, will be known as the 
“ British addition.” Two years ago the maximum 
capacity of the Pratt and Whitney plant was about 
250,000 H.P. per month. Early next year it is expected 
that. capacity will be over 1,000,000 H.P. per month, a 
large amount of which will be available for export to 
England. 


Miscellanea 


Miners’ WELFARE.—Since the inauguration of the 
Miners’ Welfare Fund about £8,000,000 has been spent 
on welfare schemes by the Edinburgh Collieries Company. 

CorNIsH MINES REOPENED.—Last worked sixty years 
ago, red and yellow ochre mines in Cornwall are being 
reopened with new plant and loading machinery. The 
mines are owned by Cornish Ochre Mines, Ltd. 

Tin Researcu.—The October, 1940, issue of Tin and 
its Uses announces that the International Tin Research 
and Development Council will be known in future as the 
Tin Research Institute. The direction and finance remains 
unchanged. J 

Cutna Setts Tuncsten.—The United States Govern- 
ment is buying £7,500,000 worth of tungsten from China 
for storage to meet defence requirements. China will 
receive an additional £6,250,000 from the U.S. Export 
and Import Bank to assist in meeting exchange needs, the 
loan to be liquidated through the sale of tungsten. 


A New Process.—Powdered iron for use in the paint 
industry is now being manufactured by the Glidden 
Company of Cleveland at its Hammond, Ind., plant under 
a new continuous process. The material will, it is claimed, 
be comparable in price and quality to Swedish powdered 
iron used annually at the rate of 1000 to 2000 tons in the 
United States. 

CHEMICAL DEVELOPMENTS IN JAPAN.—The manufacture 
of butanol and acetone by the fermentation process from 
potatoes has been commenced by the Tohoku Alcohol 
K.K. A plant originally designed for making anhydrous 
alcohol was converted for the new process, but the Tohoku 
Alcohol Company is now building an entirely new works 
for the purpose. Japan is short of both butanol and 
acetone. 

PuirrIne Iron Deposit Pirans.—The Province of 
Suriago, in the Philippine Islands, may become a source of 
iron ore. After a preliminary survey the area was allowed 
to remain idle until 1937, when the authorities undertook 
a re-survey, revealing that the reserve includes one of 
the largest ore bodies in the world. The deposits contain 
considerable nickel and chromite, but no definite arrange- 
ments have yet been made for the erection of a smelter. 


Am Rar SHELTERS: HeEattH ConpiTIons.—The 
Chadwick Trustees are offering two prizes, one of £100 
and the second of £50, for the best two essays on the con- 
struction and management of air raid shelters, with special 
reference to ventilation, heating, sanitation, and the pro- 
vision of sleeping accommodation. Information regarding 
the prizes and conditions of the award can be obtained by 
sending a stamped addressed envelope to the Clerk of the 
Chadwick Trustees, 204, Abbey House, Westminster, 
S.W.1. 

THe Firpes Mepau.—The Council of the Institution 
of Factory Managers has instituted an annual silver medal 
to be called the Sir Henry Fildes Medal in honour of 
its first President. It will be awarded for the best paper 
on some aspect of factory management, and any factory 
manager in the British Empire, whether a member of 
the Institution or not, will be eligible to compete. The 
first award will be made next year and November 30th 
is the latest date for the first receipt of essays. Mr. I. M. 
Angus Butterworth, Ashton New Hall, Ashton-on-Mersey, 
Cheshire, is the Secretary. 

Bauxite 1n Yuaostavia.—A decline in production of 
Yugoslavian bauxite during the early months of 1940 is 
attributable to a reduction in exports. Although the 
foreign demand is greater than ever, transportation facilities 
are inadequate. Formerly most of the bauxite was shipped 
by sea, Germany taking most of it, but now shipments 
must be made overland at much greater cost. An arrange- 
ment has been made whereby bauxite will be sent to 
Germany by rail, provided the freight cars are returned 
loaded with coke. The aluminium factory at Lozovac 
has installed twenty additional furnaces, bringing the 
total to fifty-six. 

AMERICAN STEEL Propuction.—Mr. Edward L. Ryer- 
son, chairman of the board of the Inland Steel Company, 
in an address before the Association of Iron and Steel 
Engineers at its annual meeting held in Chicago, recently 
estimated that the requirements of the U.S.A. defence 
programme would not be likely to exceed 6 to 7 million 
tons in the peak year of its development, and that 1942 
might call for a production of 5 million tons of finished 
steel. ‘‘ When,’’ he went on to say, ‘‘ we relate this to 








our estimated annual capacity of approximately 57 
million tons of finished steel products, or to our 1939 
production of approximately 39 million tons, it gives us 
comfort to know that the requirements estimated for 
1942 will only amount to about 12-8 per cent. or less of 
what we produced in 1939.” 


Personal and Business 


Mr. T. B. ABELL, in recognition of conspicuous 
services at the University of Liverpool, has been granted 
the title of Professor Emeritus. 

Mr. Staniey SHuPE, City Engineer of Kitchener, Ont., 
was elected President of the Canadian Institute on 
Sewage and Sanitation, at the annual meeting of the 
Institute, held in Toronto in October. 

Rutus Arca Accumutators, Ltd., inform; us that 
Mr. John Anderson, A.M.I. Mech. E., general manager, 
has been elected a director of the company. Mr. Anderson 
has been with the firm since its inception. 


Cox anv Danks, Ltd., of Sheffield, have opened an 
office for their business in iron and steel scrap at Prudential 
Buildings, Mill Street, Bedford. Mr. L. Wallace, who has 
been resident there for some years, is the manager. 


J. SAMUEL WHITE AND Co., Ltd., regret to announce that 
Mr. Arthur Thomas Wall has been compelled to relinquish 
his duties as managing director of the company on account 
of ill-health. He has held the position since 1933. 

Mr. H. V. Senior, the chief engineer of the Diesel 
Department of the Brush Electrical Engineering Com- 
pany, Ltd., Loughborough, has been elected to the board 
of Petters, Ltd., one of the Brush Company’s sub- 
sidiaries. 

Mr. CHatmers J. MACKENZIE, Acting President of the 
National Research Council, is the nominee for the Presi- 
dency of the Engineering Institute of Canada for 1941. 
His nomination has received the approval of the Institute 
Council. 

THE FrReDK. CRANE CHEMICAL Company, Ltd., now in 
voluntary liquidation, informs us that it will trade in 
future under the name of I.C.I. (Paints), Ltd., the latter 
being the style under which Nobel Chemical Finishes, Ltd., 
has been known for some months. 

Mr. Hue Beaver, M. Inst. C.E., M.I. Chem. E., has 
been appointed by the Minister of Works and Buildings to 
be Priority Officer and Controller of Building Materials. 
Control will apply first to cement and bricks, and these 
sections will be respectively directed under the Con- 
troller by Lord Wolmer, for cement, and Mr. T. P. Bennett, 
for bricks. 

THe Sourn DurHAM STEEL AND Iron COMPANY 
informs us that the recent death of Lord Furness Mus 
entailed changes in the directorate. Mr. Benjamin Talbot, 
who has been elected chairman, retains the managing 
directorship. Mr. Charles J. Bagley, one of the original 
directors of the firm, has retired and Mr. Arthur Sladden, 
secretary and a director, has resigned his appointments. 


Mr. R. A. Kirxsy has been appointed chairman of the 
Glenboig Union Fireclay Company, Ltd., Glenboig, and 
Henry Foster and Co., Ltd., Backworth, in succession to 
Sir Ronald W. Matthews, who has resigned owing te 
pressure of work. Sir Ronald Matthews, however, 
retains his seat on the boards of these two companies. 
Mr. Alexander McKendrick, who was formerly joint 
managing director of the Glenboig Company with Mr. 
Kirkby, now becomes sole managing director. 








Forthcoming Engagements 


Secretaries of Institutions, Societies, d&c., desirous of having 
notices of meetings inserted in this col , are requested to note 
that, in order to make sure of its insertion, the necessary information 
should reach this office on, or before, the morning of the Monday 
of the week preceding the meeti: In all cases the TimME and 
PLACE at which the meeting is to be held should be clearly stated. 














Glasgow University Engineering Society 
Thursday, Nov. 28th.—James Watt Engineering Laboratories, 
Glasgow University. ‘“‘ Rectification of Wearing and 
Repair to Mechanical Parts of a Locomotive,” J. 8. Scott. 
7 p.m. 
Institution of Automobile Engineers 
Tuesday, Nov. 26th—BrirmincHaAM CENTRE: James Watt 
Memorial Institute, Great Charles Street, Birmingham. 
‘“* Notes on Filtration and Distribution of Lubricating Oil,” 
T. C. Worth. 7 p.m. 
Friday, Nov. 29th.—BtrmMincHaM GRADUATES: James Watt 
Memorial Institute, Great Charles Street, Birmingham. 
‘* Balancing in Automobile Engineering,” G. D. Campbell. 
7 p.m. 
Institution of Electrical Engineers 
Tuesday, Nov. 26th.—Scortish CENTRE: Royal Technical 
College, George Street, Glasgow. ‘‘ Potentiometer Calibra- 
tion of Sub-standard Instruments,” J. 5. Tait. 6.15 p.m. 


Junior Institution of Engineers 


Saturday, Nov. 16th.—39, Victoria Street, 8.W.1. Annual 
General Meeting. 1.30 p.m. 
Saturday, Nov. 30th.—39, Victoria Street, S.W.1. * Tide 


Mills in England and Wales,” R. Wailes. 2.30 p.m. 


Manchester Association of Engineers 

Saturday, Nov. 23rd.—Engineers’ Club, Albert Square, Man- 
chester. ‘‘ Line Production of Machine Tools,” O. Rendell. 
2.30 p.m. 

North-East Coast Institution of Engineers and Shipbuilders 

To-day, Nov. 15th.—Mining Institute, Newcastle-upon-Tyne. 
“Vibration Patterns of Propeller Blades,” G. S. Baker. 
6 p.m. 

Wednesday, Nov. 20th.—Stupent Section: Bolbec Hall, 
Newcastle-on-Tyne. Exhibition of Technical Films. 
6.45 p.m. 

Royal Society of Arts 

Monday, Nov. 18th, 25th and Dec. 2nd.—John Adam Street, 
London, W.C.2. Cantor Lectures, “‘ Recent Developments 
in Internal Combustion Engines,” Professor 8S. J. Davies. 
1.45 p.m. 
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